Evaluation of year-round grazing systems for fall- and spring-calving beef cows by Janovick, Nicole Anne
Retrospective Theses and Dissertations Iowa State University Capstones, Theses and Dissertations 
1-1-2002 
Evaluation of year-round grazing systems for fall- and spring-
calving beef cows 
Nicole Anne Janovick 
Iowa State University 
Follow this and additional works at: https://lib.dr.iastate.edu/rtd 
Recommended Citation 
Janovick, Nicole Anne, "Evaluation of year-round grazing systems for fall- and spring-calving beef cows" 
(2002). Retrospective Theses and Dissertations. 20109. 
https://lib.dr.iastate.edu/rtd/20109 
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and 
Dissertations at Iowa State University Digital Repository. It has been accepted for inclusion in Retrospective Theses 
and Dissertations by an authorized administrator of Iowa State University Digital Repository. For more information, 
please contact digirep@iastate.edu. 
Evaluation of year-round grazing systems for fall- and spring-calving beef cows 
by 
Nicole Anne Janovick 
A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
Major: Animal Nutrition 
Program of Study Committee: 
James R. Russell (Major Professor) 
Stephen K. Barnhart 
Phillip M. Dixon 
Allen H. Trenkle 
Iowa State University 
Ames, Iowa 
2002 
Copyright © Nicole Anne J anovick, 2002. All rights reserved. 
ii 
Graduate College 
Iowa State University 
This is to certify that the master's thesis of 
Nicole Anne J anovick 
Has met the thesis requirements of Iowa State University 
Signatures have been redacted for privacy 
iii 
TABLE OF CONTENTS 
ABSTRACT vi 
CHAPTER 1. GENERAL INTRODUCTION 1 
Thesis Organization 1 
Introduction 1 
CHAPTER 2. REVIEW OF LITERATURE 5 
Maintenance of Beef Cow-calf Herds 5 
Energy for Maintenance 5 
Seasonal Effects on Maintenance Requirements 5 
Cow Type and Level of Production 7 
Efficiency of Nutrient Use 8 
Reproduction 11 
Forage Systems for Beef Cows 14 
Winter Systems 14 
Hay Haniest and Hay Feeding 14 
Corn Crop Residues 16 
Stockpiling Perennial Forages 20 
Summer Systems 26 
Growing Animal Systems 34 
Grazing Systems 34 
Finishing Systems 35 
Integration of Systems for Whole Farm Production 39 
Conclusions and Need for Research 42 
CHAPTER 3. ANNUAL HAY NEEDS AND CALF PRODUCTION OF SPRING-
AND FALL-CALVING COWS IN A YEAR-ROUND GRAZING SYSTEM 44 
Abstract 45 
Introduction 46 
Materials and Methods 4 7 
Pastures 47 
Winter Forage Management 48 
Summer Forage Management 49 
Hay Production and Feeding Measurements 52 
iv 
Animal Management 53 
Statistical Analyses 53 
Results 55 
Cow BW and Condition Scores 55 
Calf and Growing Animal Production 57 
Hay Feeding 59 
Discussion 61 
Implications 64 
Literature Cited 65 
Tables 69 
Figures 72 
CHAPTER 4. GRAZING AND FEEDLOT PERFORMANCE OF YEARLING 
STOCKER CATTLE INTEGRATED WITH SRPING- AND FALL-CALVING 
BEEF COWS IN A YEAR-ROUND GRAZING SYSTEM 84 
Abstract 85 
Introduction 86 
Materials and Methods 87 
Finishing Systems 87 
Measurements 90 
Statistical Analyses 91 
Results 91 
Discussion 95 
Implications 98 
Literature Cited 99 
Tables 102 
Figures 107 
CHAPTER 5. MASS AND NUTRITIVE VALUE OF FORAGES IN DIFFERENT 
YEAR-ROUND MANAGEMENT SYSTEMS 109 
Abstract 110 
Introduction 111 
Materials and Methods 112 
Pastures 112 
Weather 113 
Hay Harvest 113 
Winter Management 114 
Summer Management 115 
Forage Sampling 117 
Forage Chemical Analyses 119 
Statistical Analyses 120 
v 
Results 
Summer Forage Mass and Composition 
Hay Production 
Winter Forage Mass and Composition 
Discussion 
Implications 
Acknowledgements 
Literature Cited 
Tables 
Figures 
CHAPTER 6. GENERAL CONCLUSIONS 
General Discussion 
Recommendations for Future Research 
APPENDIX A. ADDITIONAL TABLES and FIGURES: 
COW-CALF PRODUCTION 
APPENDIX B. ADDITIONAL TABLES: 
STOCKER PRODUCTION 
APPENDIX C. ADDITIONAL TABLES and FIGURES: 
FORAGE SYSTEMS 
APPENDIX D. ADDITIONAL FIGURES: 
WEATHER DATA 
REFERENCES 
ACKNOWLEDGMENTS 
121 
121 
125 
126 
129 
133 
133 
133 
139 
143 
155 
155 
159 
163 
174 
180 
207 
213 
231 
vi 
ABSTRACT 
A 3-yr experiment was conducted to compare the amounts of hay fed, cow weight and 
condition score changes, growing animal production, and effects of management systems on 
the mass and nutritive value of forages in two forage management systems. In a minimal 
land (ML) grazing system, 25 to 37% of the area in duplicate 8.1-ha smooth bromegrass-
orchardgrass-birdsfoot trefoil (SB-OG-BFf) pastures was rotationally stocked with spring-
calving cows and calves at 3.8 standard livestock units (SLU)/ha for 54 ± 5 d. The remaining 
land was harvested as first-cutting hay, and following 19 ± 10 d of regrowth, the entire area 
was stocked at 1.1 SLU/ha for 126 ± 22 d. Calves were finished on a high grain diet after 
weaning at the end of the summer grazing season. In the year-round (YR) grazing system, 
duplicate 8.1 ha SB-OG-BFf pastures, were stocked with spring-calving cows and calves, 
stocker animals, and fall-calving cows at 2.7 SLU/ha for 54 ± 5 d. First-cutting hay was 
harvested from replicated 6.1-ha tall fescue-red clover (TF-RC) and 6.1-ha smooth 
bromegrass-red clover (SB-RC) pastures simultaneous to the ML system. Regrowth in these 
pastures was strip-grazed by cows for 45 ± 6 d at 1.6 and 1.1 SLU/ha, respectively, while 
stocker animals remained in SB-OG-BFf pastures stocked at 1.0 SLU/ha to control excess 
forage growth. Following strip-grazing, stocker animals were removed from pastures and 
finished in the feedlot on a high grain diet, and cows were again stocked in SB-OG-BFf 
pastures at 2.0 SLU/ha. Tall fescue-red clover and smooth bromegrass-red clover pastures 
was allowed to stockpile for 82 ± 12 d. During winter, spring-calving cows sequentially 
strip-grazed 6.1-ha com crop residue fields for78 ± 15 d at 1.1 SLU/ha and 6.1-ha stockpiled 
SB-RC pastures for 101±19 d at 1.1 SLU/ha. Simultaneous to initiation of com crop 
residue grazing, fall-calving cows with calves strip-grazed 6.1-ha stockpiled TF-RC pastures 
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at 1.2 SLU/ha. Spring calves were weaned at the termination of summer grazing, and fall 
calves were weaned in March. Weaned calves were fed a hay and com diet in winter and 
then used as stocker animals during summer grazing. During winter, hay was fed to cows in 
a drylot in the ML system or to supplement grazing when necessary in the YR system to 
maintain a mean body condition score of 5 on a 9-point scale of spring-calving cows in both 
systems and a body condition score of 3 in 50% for fall-calving cows in the YR grazing 
system. Compared to spring-calving cows in either grazing system at similar production 
stages, fall-calving cows in the YR grazing system had greater (P ~ 0.03) body condition 
scores at all stages except post-breeding (P = 0.13) and post-weaning (P = 0.53). No 
differences were observed in body condition scores between groups of spring-calving cows 
in either grazing system over the year (P 2: 0.11). Total growing animal (calf and stocker 
cattle) production from pastures tended to be 12.1 kg/ha lower (P < 0.07), but 27 kg/cow 
greater (P = 0.01) from the YR grazing system than the ML grazing system. The amount of 
hay fed in the ML grazing system was 896 kg DM/cow-stocker pair greater (P < 0.01) than 
the YR grazing system. The amount of hay and grain, including commercial starter, fed to 
retained spring and fall calves post-weaning over winter was 1,305 and 305; and 126 and 55 
kg DM/calf, respectively (P < 0.01; P = 0.28). Over the summer, mass or concentrations of 
crude protein (CP) or in vitro dry matter disappearance (IVDMD) of the forage in smooth 
bromegrass-orchardgrass-birdsfoot trefoil pastures were not different in the ML and YR 
grazing systems. Forage management in the YR grazing system produced 1.4 Mg DM cow·1 
more perennial forage as hay and stockpiled forage for winter than the hay harvest in the ML 
system. 
CHAPTER!: GENERALINTRODUCTION 
Thesis Organization 
This thesis is organized as an introduction to the research and related literature review 
followed by a brief description of the hypothesis for developing this research and its 
objectives. Manuscripts for submission to the Journal of Animal Science and Agronomy 
Journal follow the literature review and introduction of research. After the manuscripts are a 
general conclusions section, literature cited, appendices of additional information, and 
acknowledgements. 
Introduction 
Changes in agriculture are an everyday occurrence in both plant and animal 
production systems; the beef industry is no exception. The goal of the industry remains one 
of producing a high quality meat product that meets the needs of the consumer. But to 
produce this meat product, the industry must rely on beef cow-calf operations to supply 
animals for the feedlot. Having a consistent source of calves is important to the commercial 
feedlot operator, whereas having a market for sale of the calf crop is just as important to the 
cow-calf producer. Segmentation of the industry in this way has been an accepted practice 
for a very long time. However, segmentation may not necessarily be the best way to promote 
sustainability, especially for the cow-calf producer. 
A sustainable practice is one that is defined by Webster's International Dictionary 
(1993) as "a method of harvesting or using a resource so that the resource is not depleted or 
permanently damaged." Luna et al. (1994) have discussed the need to reduce the reliance on 
nonrenewable inputs and reduce undesirable environmental impacts in whole farm 
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production systems. As time passes, there are more regulations placed on the way that 
animals are housed and raised and therefore, the need for an economical, environmentally 
friendly, and most importantly, sustainable way of production becomes even more important 
to both the producer and the consumer. In a survey done in Australia (Reeve et al., 2000), 
producers named the most important problems associated with pastureland and management 
practices associated with their land. Of those producers surveyed, 50% reported that there 
had been a decline in the quality of pasture on their land within the last three years and they 
felt that the main cause was an increase of weeds in the pasture. Fifty-five percent of those 
surveyed reported that there was a need for research in the area of pasture management 
practices. Following weed control as the top priority for research were poor species 
persistence, acidity of soils, and fertilizer use. Although one-third of those surveyed were 
already utilizing some type of grazing management practices, and most did believe that they 
could adopt some new management practices, there was still uneasiness about trying new 
techniques. This resistance was caused by the fear that it may be unsuccessful or difficult to 
try. Clearly, there is a need for research to enable producers to make production choices for 
use on their land to ensure production practices are sustainable. 
Reeve et al. (2000) summarized the results of their survey by explaining that the 
extent to which a new management practice is implemented is dependent on: 1) how well 
these practices would fit with those already in place, 2) the complexity of the new practice, 
and 3) how easily results were obtained using the new practices. Unfortunately, sustainable 
practices tend to be more complex and more difficult to integrate than traditional systems and 
unless the producer has a good working example to follow, it may be difficult to persuade 
producers to implement improved pasture management practices. Though 81 % of those 
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surveyed believed that grazing management was a useful practice for maintaining desirable 
species in their pastures, there was still the need to convince them that grazing management 
practices were worth implementing. Producers in the Midwestern United States are not 
exempt from changes in the production economics or environmental regulations associated 
with beef production. Although not as extensively documented as in the Australian study, 
many producers in the Midwest region of the United States are sure to have the same 
concerns about the feasibility of new production systems for beef cattle. Working examples 
and research that models production systems is certainly a need for those who follow by 
example. 
The need to research whole system production models is not a new concept. Gregory 
(1972) stated the need for multidisciplined, integrated research approaches for the study of 
whole life cycle production of beef cattle. Almost thirty years later, Adams (2000) stated 
that there was still a need in the literature to integrate the components of grazing systems to 
evaluate or demonstrate the entire production cycle. Gregory (1972) emphasized the need to 
ask both biological and economical questions more precisely. He also stressed the need to 
develop educational herds that could be used as a production models to answer some of the 
biological questions associated with beef production. This question remains a huge 
challenge to researchers because often they experience the same problems as producers who 
are trying to develop their own new management practices. Systems research is complex and 
more difficult to explain to readers and producers alike, and often weather variation from 
year to year has a profound effect on interpretation of results (Adams, 2000). Furthermore, 
to conduct systems research, experiments require large investments in land and time and 
may use limited numbers of animals and treatment repetitions to obtain meaningful results. 
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Nonetheless, it is a challenge that must be undertaken by grazing researchers. Working 
examples of experimental models are needed for producers considering the implementation 
of a supplemental or alternative method to management already practiced in their operation. 
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CHAPTER 2: REVIEW OF LITERATURE 
Maintenance of Beef Cow-calf Herds 
Energy for Maintenance 
Maintenance energy has been defined by the NRC (1996) as the amount of feed 
energy intake that will result in no net loss or gain of energy by the tissues of the body. 
Because the body must meet the energy needs for maintenance before a measure of 
production can be realized, this general definition has been used as a baseline to predict the 
production that can be expected at various levels of energy in the diet. However, the energy 
needed for maintenance is not a static value throughout the life of an animal. Various 
researchers have conducted studies in an attempt to account for factors that affect the amount 
of maintenance energy needed by cattle in different stages of production and under different 
environmental conditions (Thompson et al., 1983; Anderson et al., 1983; Laurenz et al., 
1991; Ortigues et al., 1993). 
Seasonal Effects on Maintenance Requirements. In grazing experiments, seasonal 
effects must be considered because of their relation to the maintenance energy requirements 
of the cow. The production status of the cow, as well as the time of the season, affect cow 
maintenance energy requirements. Mature, non-pregnant, non-lactating cows have been 
observed to have a lower requirement for energy in winter as opposed to summer, because of 
the type of body composition changes occurring in both seasons (Laurenz et al., 1991; 1992). 
However, although mobilization of fat for energy is more efficient and may have a sparing 
effect on maintenance energy when compared to other body tissues during winter, the degree 
of fatness may also increase the maintenance for the same cows in the summer because of a 
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downward shift in the thermoneutral zone and consequently, more heat stress (Reid and 
Robb, 1971; Buskirk et al., 1992). During exposure to colder environments, the amount of 
digestible energy consumed may be negatively affected (Laurenz et al., 1991) because of 
decreased digestibility associated with an increased rate of passage and lower rumen capacity 
caused by pregnancy in spring-calving cows (Thompson et al., 1983). 
Cows that have been acclimated to cold weather conditions may be able to adjust 
their basal metabolic rate to maintain body temperature, but this may also be at a cost of 
increased maintenance energy needs. A study conducted by Young et al. (1975), exposed 
cows to outdoor winter temperatures and then tested for acclimatization to the cold by 
placing them in a controlled cold (-30°C) or warm (30°C) environment. Cows housed 
outdoors were found to have higher resting basal metabolic rates compared to cows that had 
been housed in a thermoneutral environment, thereby increasing the maintenance energy 
required for cows in a cold environment. The amount of energy needed for maintenance in 
cold environments also depends on other weather conditions such as wind, which increases 
the amount of energy needed for maintenance (Anderson et al., 1983). 
Cows with more fat cover have been shown to have lower requirements for 
maintenance energy in winter compared to thinner cows (Thompson et al., 1983; DiCostanzo 
et al., 1990), as the amount of body fat retained has a direct effect on the amount of energy 
retained by the cow. There is a larger loss of body energy for fat cows compared to thinner 
cows (Adams et al., 1987) and the body reserves are depleted more quickly in fat cows 
(Houghton et al., 1990a; 1990b). Predicted maintenance energy per unit of metabolic BW is 
smaller for fat cows compared to those of moderate condition. This theory developed by 
Houghton et al. (1990) and supported by Solis et al. (1988) suggests that lean body mass 
7 
drives the energy required for maintenance and not fat cover, implying that only efficient 
deposition of fat can allow for fat mobilization during times of nutritional stress. 
Cow Type and Level of Production. The cycling of energy is natural during the cow's 
production stage and amounts of body tissue deposited or depleted vary depending on the 
season (Laurenz et al., 1992). Furthermore, the amount of change in body fat is greater for 
older compared to younger animals (Reid and Robb, 1971). Younger animals have more 
protein accretion required for growth and, therefore, less change in body fat stores. In 
contrast, mature cows go through phases of high energy needs during milk production and 
those of lower energy needs after weaning and during early gestation. Therefore, fat 
deposition and depletion are more common in mature cows than changes in protein. During 
the winter, body weight losses of up to .5 kg/day during pregnancy and 1.1 kg/day during 
nursing did not negatively affect the cow's ability to recover lost body tissue when an. 
adequate diet was available the following spring (Jordan et al., 1968). These weight changes 
can generally be attributed to the loss of body fat stores rather than loss of lean tissue (Adams 
et al., 1987). 
Cows with large body size compared to those with smaller body size have similar 
requirements for maintenance, expressed per unit of metabolic bodyweight, whereas those 
with higher milk production have greater maintenance energy requirements (Ferrell and 
Jenkins, 1984). Though there may be differences in energy requirements between breeds 
(Laurenz et al., 1991; Jenkins and Ferrell, 1994) or within a herd (DiCostanzo et al., 1990), 
when measured as kcal ME* kg··75 * d-1, cows differing in size but having similar milk 
production potential had similar maintenance requirements. However, if biological 
efficiency is considered as the weight of calf at weaning per units ME consumed on an 
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annual basis, large breeds may then have an advantage over small breeds at the same level of 
energy intake over the year (Sinclair et al., 1998). Adams et al. (1987) indicated that winter 
range consumed by cows with smaller body size had greater DM digestibility than that 
consumed by larger cows. 
Regardless of cow type, pregnant, lactating cows require more energy for 
maintenance than non-pregnant, dry cows, though nutritional status does play a role in the 
amount of energy needed (Ferrell and Jenkins, 1985). Compared to mature cows, more 
complex nutritional interactions may occur in heifers with a high growth potential and low 
milk production potential as this type of growing heifer will usually grow at the expense of 
milk production (Sinclair et al., 1998). The reverse is also true and must be considered in the 
amounts of energy heifers require; a heifer with high milk production potential will produce 
milk at the expense of growth. Pregnancy does not alter the need for energy associated with 
metabolic activity of the liver, heart or kidneys (Ferrell et al., 1976). However, cows at 
higher levels of production have increased needs for energy in the visceral organs as the 
relative proportion of organ mass increases with body size (Ortigues et al., 1993) and 
metabolic need (DiCostanzo et al., 1990). Because the liver accounts for 20% of whole-body 
ATP use, much of this increase in energy need comes from increased need for ATP and 
enzyme activity in the liver during periods of high intake or production (McBride and Kelley, 
1990). In addition, cows on a higher plane of nutrition have more energy expended in the 
visceral organs because of the greater organ mass and oxygen flow required for processing 
nutrients (Ferrell and Jenkins, 1985). 
Efficiency of Nutrient Use. Related to the annual cycling of energy that occurs in the 
mature beef cow as she goes through her production cycle is the efficiency with which 
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energy and or protein are used in the body. This characteristic has been shown to markedly 
influence the cow's ability to increase the efficiency with which both energy and nitrogen are 
retained in the body, compared to cows that are not allowed to fluctuate in weight and 
condition_(Solis et al., 1988; Freetly and Nienaber, 1998). This is of practical importance 
when one considers the high emphasis placed on animal production that subsequently selects 
for less efficient animals (DiCostanzo et al., 1990). Although total nitrogen consumed over 
112 days did not differ between cows on different planes of nutrition, nitrogen retention 
efficiency increased in mature, non-pregnant cows that had lost body weight which were then 
allowed to regain the weight lost over an additional 112 days (Freetly and Nienaber, 1998). 
Following a period of feed restriction (65% of ad libitum intake), cows were able to change 
their target equilibrium with.in 14 days once feed was increased to 135% of ad libitum intake. 
In addition, low intakes of energy and nitrogen may increase the digestibility of organic 
matter and increase nitrogen retention when adequate levels of feeding are resumed after 
periods of underfeeding, enabling cows to be more efficient at utilizing feed nutrients 
(Grimaud and Doreau, 1995). Cows that lose body condition in the second trimester and 
then regain it in the third trimester are more efficient at using feed resources without 
adversely affecting their reproductive cycle (Freetly et al., 2000). 
Because of the increased efficiency of energy and nitrogen use in the body when 
cows are allowed to _go through normal weight and condition fluctuations, the need for 
additional supplementation may be unnecessary, provided that grazing conditions are not 
limiting to intake. or nutrient concentration. The cow has the ability to select a high quality 
diet compared to representative pasture samples of forage that may be available for grazing 
(Adams et al., 2000). Therefore, samples taken of the pasture to represent the average 
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quality of the whole pasture may yield lower digestibility than the diet that is actually chosen 
by the cow. Herbage biomass availability and intake are correlated (Marshall et al., 1998), 
and grazing efficiency is increased at lower sward heights (Wright et al., 1994). Detrimental 
effects on forage production in areas of the country with limited forage resources can be 
limited, provided supplemented energy or protein is used (Rittenhouse et al., 1970; 
Kartchner, 1981; Lardy et al., 1999). Studies done using these supplements have had mixed 
results and seem largely influenced by weather and resulting range or pasture conditions. 
When forage was not a limiting factor and the weather conditions were favorable for grazing, 
protein (Rittenhouse et al., 1970) or protein and energy (Kartchner, 1981) supplementation 
was of no nutritional or economical benefit to cows grazing winter range. In these studies, 
the amount of hay feeding as supplement in addition to grain was related to snow cover and 
not necessarily to nutritional need, as animals did not replace grazing totally with 
supplemented feeds. Supplementation with either rumen degradable and/or undegradable 
intake protein has established that degradable intake protein may be limiting before 
undegradable intake protein in cows grazing winter range (Lardy et al., 1999). But, the 
effects of supplementing rumen degradable protein to cows grazing native pasture or 
rangeland have varied depending on whether energy was limiting. 
Attempts to quantify the degradable intake protein needs for gestating cows grazing 
Nebraska rangeland have estimated that the degradable intake protein requirement was 4% of 
the organic matter intake (Hollingsworth-Jenkins, 1996). These results have also indicated 
that the beneficial response to such supplementation was related to the energy content of the 
diet. In this study, though forage intakes were not different between years, if energy intake 
was limiting because poor forage growth, no benefit of degradable intake protein 
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supplementation was realized. With varied results such as these, combined with the fact that 
the cow is able to adjust to dietary conditions through normal body energy recycling, the 
economic benefit of adding supplementation to the grazing beef cow diet may be nonexistent. 
The lack of a response may be especially noticeable if the goal of the supplementation was 
increased milk production or calf production under production conditions with adequate 
forage availability. 
The role of energy supplementation is of significance for maintaining high 
reproduction rates, depending on the condition in which cows enter the grazing season. If 
cows enter the grazing season in poor condition, they remain in poor condition (Tucker et al., 
1989b), which negatively affects reproduction. Conversely, cows that enter the grazing 
season in good condition will tend to maintain good condition through the season (Adams et 
al., 1987; Sinclair et al., 1994b). Therefore, it is more beneficial to manage for a moderate 
condition score at the time cows begin the summer grazing season. Most detrimental effects 
on reproduction result when adequate forage is not available to the cow around the time of 
calving and before the breeding season (Freetly et al., 2000). 
Reproduction 
In most herds, there is an infertility component that exists independently of 
production state that will decrease the overall fertility of the herd by 20 to 30% (Short et al., 
1990). Because of this, it is very important to manage cows for maximal longevity within the 
herd by keeping cows in optimum condition and reducing the postpartum interval. Perhaps 
the single most important factor influencing the cow's ability to rebreed is body condition at 
the time of calving (Wiltbank et al., 1962; Richards et al., 1986; Selk et al., 1988; Short et 
al., 1990; Dunn and Moss, 1992; Sinclair et al., 1994a; Spitzer et al., 1995). Cows with 
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moderate body condition at calving have greater luteal activity (Buskirk et al., 1992; Spitzer 
et al., 1995) and shorter postpartum estrus interval compared to thinner cows (Bartle et al., 
1984; Houghton et al., 1990). Those cows maintaining a condition score between four and 
six based on a nine point scale at the time of calving were less affected by a change of one 
condition score either higher or lower, compared to those who were below four or above six 
(Selk et al., 1988). Higher pregnancy rates were observed for cows that maintain a moderate 
condition score than those losing or gaining condition from parturition to breeding 
(Houghton et al., 1990; Sinclair et al., 1994a). On the other hand, overly fat cows are not 
desirable either. Cows that were over-conditioned experienced a reduction in the first service 
conception rate (Houghton et al., 1990) and lost more weight and body condition overall 
compared to thinner cows (Sinclair et al., 1994b) which has the potential to negatively affect 
conception rates in the cow during the breeding season. 
The plane of nutrition has a role in a cow's ability to conceive. Restricting energy 
after calving decreases luteal activity as well as milk production (Bartle et al., 1984; Buskirk 
et al., 1992; Spitzer et al., 1995) whereas a low plane of energy pre- or post-calving 
decreased the conception rate (Wiltbank et al., 1962; Jordan et al., 1968). Low luteal activity 
and longer periods to first estrus were observed in heifers on a low plane of nutrition 
prepartum (Corah et al., 1975). Because a lack of energy in the diet leads to lower growth 
hormone levels in cows with a reproductive system that is already experiencing higher levels 
of prostaglandin soon after calving, the corpus lutuem may actually regress sooner which 
results in a shortened estrus period (Short et al., 1990). If energy level was maintained 
during early- to mid-pregnancy but decreased to as much as half of the allowance 
recommended by the NRC prior to calving, the interval to first estrus was not affected 
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provided that energy was restored post-calving (Wiltbank et al., 1962). As previously 
discussed, the digestibility and efficiency of nutrient use is affected by fluctuations in weight. 
Maintaining a high digestibility of feeds would help ensure that cows remain in a positive 
energy balance before or during the breeding season. Although it is most desirable if cows 
maintain body weight around the calving period, the loss of body condition for one to four 
months precalving had no detrimental effect on forage digestibility provided adequate 
nutrition was allowed one month prior to and after calving (Thompson et al., 1983). 
Reproduction is affected if cows that have high milk production potential are 
continually on a low plane of nutrition post-calving and are not able to maintain or gain 
condition for breeding. Milk production is influenced by the energy balance of cows, but 
milk production was not greater in fat cows compared to thin cows (Sinclair et al., 1994b). 
Plane of nutrition around the calving period also has an effect on birth and weaning weight. 
Wiltbank et al. (1962), Corah et al. (1975), Richards et al. (1986), and Houghton et al. (1990) 
demonstrated that low energy diets prepartum resulted in lighter calf birth weights, and 
subsequently lighter 205-day weaning weights. These factors are influenced by milk 
production, as calves nursing cows with greater milk production have the potential for greater 
weight gains. Milk production alone does not always produce a heavier calf at weaning, 
however, as the calf's forage intake in addition to milk must be considered as a factor 
influencing gain (Bartle et al., 1984). 
Grazing cows in entophyte-infected tall fescue (Festuca arundinacea) pastures has 
been demonstrated to have a detrimental effect on pregnancy rates (Tucker et al., 1989b; 
Peters et al., 1992) in addition to causing weight loss, reduced milk production and overall 
poor calf gains. These effects stem from dietary alkalosis that result from consuming 
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ergovaline in infected fescue which uncouples the mixed function oxidase system (Peters et 
al., 1993). This uncoupling leads to energy lost as heat and failure to produce ATP to drive 
reactions in the body. Other factors that affect reproduction in the herd are the length of the 
breeding season and the length of the suckling period, as summarized by Short et al. (1990). 
Forage Systems for Beef Cows 
Winter Systems 
In the Midwest, there are several options available for maintaining a cow-calf herd 
over winter. Because feed constitutes one of the largest variable expenses in beef production 
(Turner, 1974; Strohbehn et al., 1990), the type of winter management could have an impact 
on profitability of the herd. The method used by the producer usually depends on land 
resources and grazing system that is utilized during the summer. For most producers, hay 
harvest during the summer is common, and this hay is used to maintain the herd over winter. 
Where ample supply of crop ground is available, residue grazing is possible to extend 
grazing and decrease the amount of hay production needed (Ward, 1978; Klopfenstein et al., 
1987). Additionally, if extra forage land is available and this land is not needed for late 
summer grazing, stockpiling these fields for grazing in the late fall or winter is another option 
(Allen et al., 1992a; 1992b; Hitz and Russell, 1998; Hersom, 1999; Allen et al., 2000). As 
each of these methods of winter feeding certainly have their place in maintaining the beef 
herd depending upon the operation, they can have limitations as well. 
Hay Harvest and Hay Feeding. Harvesting excess forage as hay in summer pastures 
or fields and then feeding it over winter has become a common practice used by many 
producers to maintain the beef herd. However, aside from weather risks preventing proper 
harvesting of hay and losses associated with mechanical harvest (Collins, 1995), there are 
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other factors to consider when harvesting and feeding hay. In whole system studies, systems 
from which hay was cut during the summer as a way of managing excess forage production, 
and stored for winter feeding, the amount of hay produced the preceding summer was not 
adequate to maintain cows through the winter (Bagley et al, 1987b; Hitz and Russell, 1998; 
Hersom, 1999). This effect is related to the annual allowance of forage per cow. If this is the 
case for producers, there may be an increased cost for maintaining the herd if hay must be 
purchased. Systems in which one hay harvest was taken from a field and then grazed may 
produce more dry matter yield over the entire season compared to exclusive hay cutting 
(Prigge et al., 1999). Though more hay is harvested from systems not utilizing residue or 
stockpiled grazing (Bagley et al., 1987a), exclusive hay feeding in the drylot compared to 
utilizing winter grazing may be less economical because more hay is needed to maintain 
cows in these types of systems (Adams et al., 1994; Hitz and Russell, 1998; Hersom, 1999). 
Systems utilizing stockpiled forages may also produce an excess of hay for feeding compared 
to the amount that is actually needed to maintain cows through winter (Allen et al, 1992b; 
Hitz and Russell, 1998). 
In addition to inadequate production, there is a considerable amount of weathering 
loss associated with feeding round bales that have been stored for winter use. Dry matter 
losses, as high as 40%, occurred when large round bales were stored outdoors and uncovered 
(Atwal et al., 1984; Brasche and Russell, 1988). In these studies, protecting bales by 
covering them with plastic reduced dry matter losses by 10% compared to outdoor 
unprotected bales, however the covering was not able to preserve nutrient quality associated 
with weathering and storage losses. Chemical preservatives have decreased the amounts of 
nutrient lost during storage of hay bales (Collins, 1995), however these are not effective in 
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preventing weathering losses of dry matter from large bales stored uncovered, outdoors. 
Perhaps a more important management tool that can be applied to increase the quality of the 
bale is harvesting at the proper moisture. Bales harvested at high moisture concentrations 
had higher fiber and lignin concentrations and subsequent lower dry matter digestibility than 
those harvested at lower moisture concentration (Russell and Buxton, 1985). Weathering and 
trampling losses (Brasche and Russell, 1988), combined with the best attainable hay feeding 
rate (i.e. level of feeding that ensures nutrient needs of animals are met and includes 
anticipated DM wastage and nutrient availability; Adams et al., 1994) should be considered 
when the amount of hay needed to maintain a group of cows over winter is estimated. 
Com Crop Residues. When deciding how to use com (Zea mays) crop residues for 
feeding, the producer generally has two options at his disposal. They can harvest residues 
and feed them as needed during the winter (Wedin and Klopfenstein, 1985) or allow cows to 
harvest residues by grazing them (Ward, 1978). Weather can be the most important factor 
limiting com crop residue grazing, since snow and ice can limit the cow's ability to reach 
residues (Wedin and Klopfenstein, 1985). In addition to physically preventing cows from 
utilizing residues, moisture contributed by weather conditions may cause leaching of 
nutrients and increase the mud and trampling loss that occurs (Ward, 1978). Although 
harvesting and feeding stacks or bales may reduce losses associated with weather, 
decomposition, and trampling of crop residues (Ward, 1978), the costs invested are greater 
and cows are not able to select the portion of the plant with highest quality from the entire 
field as they would when grazing (Ward, 1978; Klopfenstein et al., 1987). Cows remove 25 
to 30% of residues left in the field when grazed for 80 to 100 days, and mechanical harvest 
only improved this utilization by 30% (Ward, 1978). It is also difficult to capture the 
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advantage of cows grazing dropped grain in the field, as stacking methods may not capture 
much of this grain. On average, 4.3% of the grain from the field was left in the field post-
harvest (Fernandez-Rivera and Klopfenstein, 1989a) and approximately 85 to 100% of this 
residual grain was utilized by grazing cattle (Fernandez-Rivera et al., 1989b; Gutierrez-
Omelas and K.lopfenstien, 1991a). Even if compared to storage and use similar to hay 
feeding, the cost of com residues is over 100 times cheaper per ton if only yield is considered 
(Ward, 1978). With the potential of 3.3 to 4.5 metric tons of residue produced per hectare of 
com harvested (Ward, 1978), the amount of cows supported by these fields is considerable. 
Stocker calves grazing com residues before finishing have been shown to have fewer days to 
finishing in the feedlot, decreased feed costs, and less cost of gain because of yardage costs 
saved (Klopfenstein et al., 1987). 
The primary factor limiting the nutritive value of com crop residues is that the com 
plant is physiologically mature at harvest and the amount of protein in the plant is low 
(Klopfenstein, 1987). In general, factors that increase the grain yield in the crop also 
decreased the quality of stalks for grazing (Perry and Olson, 1975; Klopfenstein et al., 1987). 
Early harvest increases the quality of the residues, though grain yield is sacrificed 
(Klopfenstein et al., 1987). Fertilization of com with 90 kg nitrogen/ha increased yields of 
grain and residues, whereas fertilization rates as high as 180 kg nitrogen/ha increased grain 
yield with no effect on the amount of residues (Perry and Olson, 1975). At increased levels 
of nitrogen fertilization, the stalk to leaf ratio increased and subsequently reduced IVDMD of 
the residues. Irrigation of the com crop increased the amounts of starch available in com 
crop residues at the time of grazing because of an increas~ in the amount of dropped grain. 
However, the amount of protein was limiting in com crop residues and without protein 
18 
supplementation, the increased starch was not utilized (Fernandez-Rivera and Klopfenstein, 
1989a). Irrigation has increased the grain yield of the crop which also decreased the quality 
of residues for grazing (Fernandez-Rivera and Klopfenstein, 1989b). Chemical treatments 
may be used to increase the quality of stored residues, however, this may not be the most 
economical alternative compared to other feed resources (Klopfenstein et al., 1987). 
Because the nutritive value of residues is limited in the amount of protein they 
contain (Klopfenstein, 1987; Fernandez-Rivera and Klopfenstein, 1989a), studies have been 
conducted to identify optimum time for grazing. The leaf and husk components are the corn 
crop residue fractions first selected by cattle after grain (Lamm and Ward, 1981; Fernandez-
Rivera and Klopfenstein, 1989b). If grazing was deferred, weathering reduced the amount of 
leaf blade available by 42% in as little as 30 days before grazing was initiated (Gutierrez-
Ornelas and Klopfenstein, 1991). As in most grazing situations, naive cattle are not as 
efficient at seeking out the highest quality forage (Ganskopp and Cruz, 1999; Adams et al., 
2000). This can be an important consideration for all grazing strategies, especially in winter 
when snow cover limits grazing. In the case of corn crop residue grazing, the rate of grain 
disappearance depends on the experience of the cattle grazing the fields. Young growing 
animals inexperienced with corn crop residue grazing utilized this grain approximately three 
weeks later into the season compared to older animals (Fernandez-Rivera and Klopfenstein, 
1989a). 
As the grazing season progresses, the nutrient content as well as the amount of 
available dry matter in corn crop residues decrease over time (Lamm and Ward, 1981; 
Gutierrez-Ornelas and Klopfenstein, 1991; Russell et al., 1993). With increased stocking 
rates, the amount of IVDMD decreased with time (Lamm and Ward, 1981) at a rate related to 
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the stocking rate (Fernandez-Rivera and Klopfenstein, 1989a; 1989b). Similarly, crude 
protein concentration also decreased while concentration of neutral detergent fiber (NDF), 
acid detergent fiber (ADF) and acid detergent lignin (ADL) increased through the winter 
(Fernandez-Rivera and Klopfenstein, 1989a; Gutierrez-Ornelas and Klopfenstein, 1991). 
Increasing stocking rates also increased the utilization rates of com crop residues 
(Fernandez-Rivera and Klopfenstein, 1989b; Russell et al., 1993). 
Grazing com crop residues at lower stocking rates resulted in less selection pressure 
and higher digestibility of the residues, which increased average daily gains in stocker calves 
(Fernandez-Rivera and Klopfenstein, 1989a). The method of grazing and grazing allowance 
affects cow performance and gain as well. In 1990, the average allowance of com residues in 
Iowa was .68-ha/cow (Russell et al., 1993). Experimentation with gestating cows at grazing 
allowances of 1.64-ha/cow resulted in greater IVO:MD concentration and DM intakes than 
lower allowances of .41-ha/c_ow (Russell et al., 1993). Furthermore, cows at 1.64-ha/cow 
gained body weight, whereas cows at the .41-ha/cow lost body weight over winter. Strip-
grazing of these fields at .41-ha/cow resulted in a dry matter intakes of 2.5% of body weight 
compared to 1.6 to 3.0% of body weight for fields that were grazed by continuous stocking 
at allowances of .41 to 1.64 ha/cow (Russell et al., 1993). It was concluded that depending 
on weather conditions and conditioning goals with animals, the use of strip stocking for 
grazing com crop residues controls the rate of selectivity and thus, extends forages nutritive 
value later in the grazing season. 
Though the low digestible energy concentration in com residues makes them useful 
for pregnant cows at maintenance, they can be used for as a feed resource for fall-calving 
cows nursing calves and growing animals (Ward, 1978). If cows with calves were grazing in 
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residue fields, Ward (1978) recommended that harvest be staggered in two to four week 
intervals to provide fresh forage for selection by cows. If protein is supplemented, the 
amount required by animals depends on the amount of residues available. Early in the 
season, growing calves had more response to protein because greater amounts of grain 
available increased protein needs (Fernandez-Rivera et al., 1989a). When escape protein was 
fed, no benefit was observed in young inexperienced animals during the first few weeks of 
grazing because grain selection was low during that time (Gutierrez-Ornelas and 
Klopfenstein, 1994). Therefore, the amount of residual grain influences the amount and type 
of supplement needed and the production response that is gained. At higher levels of protein 
supplementation, average daily gain is positively correlated with the total amount of residue 
available per animal (Fernandez-Rivera and Klopfenstein, 1989a). Supplementation of 
protein at levels higher than recommended by the NRC may not be economical because 
generally animals will compensate for growth not realized on residues once in the feedlot 
(Fernandez-Rivera et al., 1989a). Models that have been developed to estimate the response 
to protein supplementation have generally underestimated the response at low levels and 
showed responses where none were expected at higher levels of protein (Fernandez-Rivera et 
al., 1989b). In addition, predicted gains estimated with these models were overestimated at 
all levels of protein supplementation when compared to observed measures. 
Stockpiled Perennial Forages. The use of perennial forages for stockpiling is another 
way to extend the grazing season into the early fall or winter (Archer and Decker, 1977a; 
1977b; Fribourg and Bell, 1984; Hitz and Russell, 1998). Stockpiling is defined as allowing 
forage to accumulate for grazing at a later date (Minson and Whiteman, 1989). For example, 
to extend the summer grazing season, a field used for hay production in summer can be used 
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to accumulate forage for grazing in the fall. Several species of grasses can be used for 
stockpiling, however some produce greater DM and retain more nutritive value into winter 
(Riesterer et al., 2000b ). Three grasses that have been used for stockpiling in the Midwest 
have been orchardgrass (Dactylis glomerata), smooth bromegrass (Bromus inermis) and tall 
fescue (Riesterer et al., 2000a). Legumes, including red clover (Trifolium pratense; Hersom, 
1999), alfalfa (Meticago sativa; Hitz and Russell, 1998), and birdsfoot trefoil (Lotus 
comiculatus; Collins, 1982) have also been added to stockpiled pastures to increase the 
nutritive composition of the pasture. Stockpiled orchardgrass pastures, even when seeded 
with alfalfa or red clover did not supply cows with as many grazing days in the winter as 
pastures containing tall fescue and red clover (Allen et al., 1992b). This difference was large 
(32 vs. 140 days) and resulted in more hay be supplemented to cows grazing the 
orchardgrass-legume mixtures than tall fescue-red clover (Allen et al., 1992b). Furthermore, 
orchardgrass stands were not very persistent following multiple grazing seasons and were 
overtaken by weeds (Allen et al., 1992b; Prigge et al., 1999). Additionally, although no 
differences in quality were observed between tall fescue and orchardgrass pastures, tall 
fescue pastures have been consistently more productive than orchardgrass pastures (Archer 
and Decker, 1977a; 1977b; Prigge et al., 1999). 
Smooth bromegrass has also been used for stockpiling in the Midwest, but persistence 
after multiple years may also be a problem resulting in both decreased hay yield and 
available forage mass after stockpiling for multiple seasons (Hitz and Russell, 1988). In that 
study, smooth bromegrass-red clover pastures were compared to pastures used for stockpiling 
of tall fescue with alfalfa or red clover. Though there was less available forage mass for 
smooth bromegrass pastures, cows grazing stockpiled pastures required less hay feeding for 
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maintenance over winter than those fed hay in a drylot. Additionally, differences were 
observed in weathering losses or organic· matter disappearance for either species (Hitz and 
Russell et al., 1988; Hersom, 1999). 
Like smooth bromegrass, winter grazing of stockpiled tall fescue has resulted in 
diminished DM yields in regrowth for subsequent spring and summer grazing (Fribourg and 
Bell, 1984). In contrast, orchardgrass and tall fescue fields that were grazed in early spring 
and harvested for hay two times during the summer had less forage production the following 
spring compared to pastures that had been grazed in the fall and harvested as hay one time in 
the summer (Prigge et al., 1999). Greater concentration of crude protein and digestible dry 
matter, and a lower concentration of ADF were observed in spring-grazed and fall-grazed 
pastures with one hay cutting verses two cuttings during the summer. This system also 
resulted in more annual DM production compared to systems utilizing two hay harvests. 
Stockpiled tall fescue pastures yielded more dry matter per season compared to continuous 
clipping to simulate grazing (Fribourg and Loveland, 1978). The amount of forage depended 
on the length of time forage was allowed to accumulate as related to the season that 
stockpiling was initiated. 
The addition of legumes to grass pastures is beneficial in adding nutritive value or 
increased value to hay harvested from these pastures (Collins, 1982) and provides grasses 
with a source of nitrogen for growth (Beuselinck et al., 1994). However, as in a system with 
hay harvest, legumes also have potential problems with persistence in stockpiled grazing 
over multiple years (Allen et al., 1992b; Hitz and Russell, 1998). In addition, leaf loss in 
legume species at the time of hay harvest occurs as the plant dries down (Collins, 1995) and 
may occur in stockpiled forage utilized after a killing frost. Alfalfa and red clover were 
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replaced by weeds when used for stockpiling over multiple seasons (Allen et al., 1992b). 
Although an alfalfa-orchardgrass mixture allowed more hay cuttings per season than red 
clover-orchardgrass or tall fescue mixtures (Allen et al., 1992b), the alfalfa-orchardgrass did 
not persist under hay cutting and stockpiled grazing over time. The proportion of legume 
from tall fescue-red clover pastures continually declined from 40.7 to 19.3% of live dry 
matter over three years in Hitz and Russell (1998). Overseeding red clover in pastures 
increased the clover content in pastures, however after the first year, much of this legume 
content was lost (Bryan and Prigge, 1990). Birdsfoot trefoil is another legume that has 
produced high quality forage for grazing in the fall when stockpiled in late summer (Collins, 
1982). 
Because of excellent stands and the ability to persist over multiple grazing seasons, 
tall fescue has received the most attention in studies utilizing stockpiled perennial forages 
(Archer and Decker, 1977a; 1977b; Allen et al., 1992a; 1992b; 1996; Hitz and Russell, 1998; 
Hersom, 1999; Allen et al., 2000; Riesterer et al., 2000a; 2000b). Fertilization of tall fescue 
pastures with nitrogen at a rate of 131 kg/ha in early August produced accumulations of 
1,364 kg DM/ha compared to only 909 kg DM/ha in unfertilized pastures (Gerrish et al., 
1994). Spring yields from fields that had previously been stockpiled and grazed in the fall 
averaged 3,935 to 5,175 kg/ha in this study. In addition, forage CP concentration was 
increased by nitrogen fertilization, and NDF and ADF concentration of forages from 
nitrogen-fertilized pastures were lower in two of three years (Gerrish et al., 1994). Archer 
and Decker (1977a) found that there was no negative effect of nitrogen fertilization on the 
digestibility or CP content of tall fescue. The ambient temperature during stockpiling periods 
influenced nutritive value as stockpiling periods with lower temperatures, resulted in 
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increased forage growth but decreased CP and IVDMD concentration (Archer and Decker, 
1977b). 
In addition to weather conditions and fertilizer use, another factor affecting 
stockpiled forage nutritive value is the length of the stockpiling period (Fribourg and Bell, 
1984). Archer and Decker (1977b) determined the optimum stockpiling period for both 
orchardgrass and tall fescue was 66 to 96 days. Spring stockpiling resulted in the highest dry 
matter yields of 3,700 kg/ha above continuous clipping, but the IVDDM concentration was 
lowest because of rapid forage growth and maturity (Fribourg and Loveland, 1978). 
Compared to late summer stockpiling, fall stockpiling increased DM accumulation by 350 
kg/ha. This increase was 1,000 kg/ha greater than continuous clipping. Adding an additional 
30 days to the stockpiling period by beginning the stockpiling period in July compared to 
August resulted in an additional 1,300 kg/ha of dry matter accumulation (Fribourg and Bell, 
1984). Delaying stockpiling until September, however, resulted in forage that was high in 
CP, but produced only 1,300 kg/ha for grazing and only allowed grazing through December. 
The time of year that stockpiling is initiated influences the nutritive value of the 
forage as well. Fall stockpiling yielded tall fescue with IVDDM concentrations of 60 to 
65%, whereas stockpiling done in mid-summer yielded forage with IVDDM concentrations 
ranging from 56 to 58% (Fribourg and Loveland, 1978). Summer and fall growth both 
allowed grazing for several weeks into winter. As in com residue grazing, when grazing is 
delayed into the winter months, there is a potential for leaching of nutrients. Delaying 
harvest of stockpiled tall fescue until January resulted in large dry matter losses compared to 
harvest in December (Fribourg and Bell, 1984). In addition, at 20 and 90 days in winter, 
there was a decrease of CP concentration of 80 to 150 g/kg DM, respectively, from the start 
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of stockpiling, whereas NDF and ADF concentrations were unaffected (Fribourg and Bell, 
1984). Even so, these protein concentrations were adequate to support the pregnant dry cow, 
though mineral values may have been limiting and should have been monitored. Crude 
protein levels were found to decrease from 16 to 14.5% over 30 to 105 days post-stockpiling 
for orchardgrass and tall fescue pastures (Archer and Decker, 1977b ). In general, for both 
grasses and legumes, a longer stockpiling period can increase dry matter yields, however at 
the expense of decreased forage nutritive value. 
Similar to corn crop residue grazing, the availability of forage and the time spent 
grazing will depend on the amount of snow cover and the grazing experience of the animals 
grazing in such conditions. Adams et al. (1986) reported that grazing time was negatively 
correlated to minimum daily temperature,for cattle grazing winter range. Although the dry 
matter intake of three-year-old cows was similar to that of six-year-olds in this study, the dry 
matter digestibility was greater in the younger animals in this study presumably because of a 
change in the amount of grazing time observed between animal groups. Digestibility of 
stockpiled tall fescue in Georgia remained high from fall into winter and averaged 70% in 
fields grazed by growing heifers (Gates et al., 1999). Because of the high digestibility of 
forage available to these animals, the amount of hay supplemented on pastures was 11 times 
less than that of heifers maintained on a hay/supplement diet through winter. In fact, no 
additional supplementation was needed. Digestibility of tall fescue was superior to that of 
smooth bromegrass pastures during winter grazing in Iowa, and has contributed to the lower 
weight loss of cows grazing fescue compared to bromegrass, though similar amounts of 
supplemental hay were fed to both groups (Hitz and Russell, 1998; Hersom, 1999). When 
severe weather conditions limited the amount of forage available, protein supplementation 
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reduced weight loss, but also decreased the utilization of the pasture as supplement replaced 
forage in the diet (Willms et al., 1988). Energy supplementation also decreased the amount 
of forage utilized, although there was no effect of either energy or protein supplementation 
on forage digestibility (Rittenhouse et al., 1970). Energy supplementation may also 
influence the amount of weight gain and reproductive rates of cows the following spring 
(Tucker et al., 1989b). 
Summer Systems 
Unlike winter grazing systems utilizing stockpiled perennial pastures, there have been 
numerous research efforts that have focused on characterization of summer grazing systems 
and their effects on animal and forage production (Knight et al., 1990; Bertelsen et al., 1993; 
Hoveland et al., 1997; Manley et al., 1997; Popp et al., 1997a; 1997b; McCollum and Gillen, 
1998; McCollum et al., 1999). In these studies, rotational stocking systems have been 
compared to continuous stocking systems. The frequency of grazing as well as the number 
of animals that occupy a designated area of land will have an effect on the type of forage 
species that persist and the productivity of the pasture (Hart et al., 1993b; Olson et al., 1993). 
Cool season grasses are commonly the predominant species in pastures before warm season 
grasses in the Midwest. Legumes may also be included in the pasture to increase CP for 
grazing animals as well as to supply the grasses with fixed nitrogen (Beuselinck et al., 1994). 
One of the challenges of using cool season grasses during summer grazing is to control 
forage growth during the productive spring and early summer months while attempting to 
match animal needs with forage availability over the entire season (Adams et al., 1996). 
The stocking density, or number of animals per unit of land area in a pasture, has 
effects on the botanical composition of the pasture (Taylor et al., 1997; Gillen et al., 2000). 
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As the number of animals increased on the same area of land, grazing became less selective 
and the most palatable species became overgrazed, resulting in decreased stands of desirable 
species (Hart et al., 1993; Taylor et al., 1997) and increased bare patches in the pasture 
(Manley et al., 1997). Therefore, it is desirable to monitor the presence and condition of 
desirable species in the pasture and control grazing to maintain desirable species. High 
stocking density also decreases the amount of dead plant material in the pasture because 
forage is not allowed to become mature and senescent compared to pastures that are less 
densely stocked (Gillen et al., 2000). Total standing live crop, however, is inversely related 
to stocking rate (Gillen et al., 2000). This study, conducted on Oklahoma prairie, used 
stocking rates up to two times higher than the recommended rate for this area and did not 
show a negative long term response in vegetation components (Gillen et al., 2000). In 
contrast to high stocking rates, desirable species such as legumes may not compete well with 
established grasses in pastures that are undergrazed, resulting in decreased species diversity 
and productivity of the pasture forage (Harmoney et al., 2001). In addition, desirable forage 
species may respond negatively to undergrazing and decrease because they are outcompeted 
by other grass species, such as shortgrasses in Texas rangeland (Taylor et al., 1997). 
Rotationally stocking pastures based on a set amount of time without monitoring forage 
availability in the pasture negatively affects the species composition of these pastures (Hart 
et al., 1988; Manley et al., 1997). The producer's ability to evaluate the pastures both over 
the long and short term are essential to understanding which species are affected in their 
pastures and how grazing management can be used to successfully maintain desirable stands. 
Utilization rates, duration of the grazing period, and forage production are all 
important measures that have been considered in studies where stocking rate was varied. 
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Peak standing crop mass and utilization did not change from year to year in rotationally or 
continuously stocked pastures (Hart et al., 1988; 1993; Manley et al., 1997). In Hart et al. 
(1993), both moderate and heavy stocking on wheatgrass and blue grama pastures resulted in 
39 to 48% utilization over two years of study. In both grazing strategies, a consistent number 
of marked tillers remained ungrazed through the whole season. Effects of stocking rate could 
only be discerned in one of two years of this study under continuous stocking practices. The 
initiation date of grazing has an effect on the utilization that is realized for a pasture (Bryan 
and Prigge, 1994). In this study, delaying grazing for as little as two weeks resulted in lower 
CP concentrations, higher fiber concentrations throughout the season, and decreased 
utilization from 56 to 49%. 
Short duration grazing, in which animals grazed for less time in a paddock and the 
paddock was given less rest, compared to high intensity grazing, in which animals were in a 
paddock longer but rest was also increased, increased the number of desirable forage species 
(Taylor et al., 1993). The duration of grazing also affected the botanical composition of the 
pasture (Manley et al., 1997). Because shorter rest periods between grazing tended to keep 
forage species in a vegetative state for a longer period of time, forage quality was improved. 
More total live grass was present in pastures in short duration pastures compared to high 
intensity-low frequency grazed pastures in Taylor et al. (1993). In addition, the amount of 
stem material for high intensity grazing was greater and leaf material less than that of short 
duration pastures. Rotational stocking of tall fescue pastures in Georgia led to increased 
stand density compared to continuous grazing (Hoveland et al., 1997). Though stocking 
system did not affect available forage mass or forage quality, the increased productivity of 
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fescue in rotationally stocked pastures supported cows in these pastures requiring 39% less 
hay for winter supplementation because of a longer summer grazing season. 
Systems utilizing rotational stocking allow more animals to be stocked in the same 
pasture because the rest period between grazing events, allow increased forage productivity 
(Hart et al., 1988; Bertelsen et al., 1993; Hoveland et al., 1997; Hersom, 1999). Average 
daily gains for animals in rotational stocking systems were influenced by time of the season 
and the availability and quality of forage (Gillen et al., 1999; Boyd et al., 2001) and 
depended on grazing pressure or stocking rate (Hart et al., 1988; Heitschmidt et al., 1990; 
Bryan and Prigge, 1994). Though average daily gains at higher stocking rates were less than 
that of systems using a lower stocking rate, more animals remained in the pasture over the 
season which resulted in increased animal production per unit of area (Heitschmidt et al., 
1990; Knight et al., 1990; Fales et al., 1995). Many times, when a greater average daily gain 
was observed early in the season, this difference had disappeared by the end of the season 
when forage availability was reduced (Heitschmidt et al, 1990; Knight et al., 1990; Bertelsen, 
et al., 1993). When equal stocking rates were compared, however, there were no differences 
in gains or animal production over a season between pastures that were managed with 
different stocking methods (i.e. continuous, deferred, short-duration; Hart et al., 1988). 
When evaluating whole system production, the total amount of land used in calculations for 
animal productivity per unit of land affected the amount of animal production realized for a 
system (Hersom, 1999). It is, therefore, essential that all factors are considered when 
systems are evaluated for the total amount of animal production realized for a given grazing 
system. 
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The type of grazing system utilized may have an effect on the amount of forage 
production over the season as well as the nutritive value or composition of the forage. When 
using eleven paddocks compared to continuous stocking, Bertelsen et al. (1993) found that 
there was 18% more forage available for grazing at the beginning of the season. Animals in 
rotationally stocked pastures with either six or eleven paddocks had 40 to 34% higher gains 
per hectare when compared to a continuous system. In addition, rotationally stocked animals 
were able to consume diets that had lower NDF, ADF, and ADL concentration and higher 
crude protein concentration compared to those continuously stocked. Increasing the number 
of paddocks from six to eleven did not improve gain of animals or total gain per hectare. 
Because nutritive value of forage can also be increased by manipulating the stocking rate in 
rotational systems, higher stocking rates resulted in forage with greater digestibility and a 
higher concentration of crude protein as well as a decreased fiber concentration (Fales et al., 
1995). By harvesting excess forage as hay or increased stocking rates; Hersom (1999) was 
able to maintain similar IVDDM and crude protein concentrations throughout the summer 
grazing season by utilizing rotational stocking systems, though no differences were seen 
between different stocking rates used. The addition of legumes to rotational stocking 
systems provided grazing animals with a greater crude protein concentration in grazed forage 
(Holloway et al., 1985; Seo et al., 1997) which was especially beneficial to growing animals 
or those with high milk production. 
There has been less attention in the literature on the development of grazing systems 
that integrate summer grazing of stocker cattle with cow-calf pairs in the pasture (Allen et al., 
1992a; 1992b; 1996; 2000; Hersom, 1999). In such systems, cow and calf performance is 
also important to the productivity of the system as a whole. Cows in deferred rotational 
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systems were heavier compared to those in continuous or rotationally stocked systems 
(Heitschmidt et al., 1990). These cows began the season at heavier weights and maintained 
this weight over the season. However, the weaned calf crop produced by cows in the 
rotational stocking system was greater compared to the continuous or deferred systems. 
Weight changes over the summer grazing season may be an artifact of the weight changes 
prior to the summer grazing season as cows that lost weight over winter compensated in 
spring and summer (Knight et al., 1990; Hersom, 1999). Cows that had been overwintered 
on stockpiled forages regained weight and condition once on summer pastures (Hersom, 
1999). Conception rates of cows in a deferred rotation system were superior to those of cows 
in continuous or rotational systems (Heitschmidt et al., 1990; Knight et al., 1990). Though 
these responses were influenced by stocking rate, forage production in response to weather 
conditions also played a role. In these studies, calf production was dependant on the cow's 
milk production and available forage. In addition, greater forage nutritive value consumed 
by cows in the rotational stocking system, growth responses of calves were similar to the 
growth responses of yearling animals grazing pastures. 
Because the behavior of grazing cattle is important to the utilization of the whole 
pasture, the size of the pasture and paddock layout is also important. Hart et al. (1993) 
compared utilization rates of pastures grazed by rotational stocking on large (207-ha) and 
small (24-ha) pastures. The stocking system had minimal effects on the cow activity 
patterns. However, increasing the distance to water significantly decreased the forage 
utilization rate because of the time spent by cows traveling to water. In addition, calf gains 
were higher in smaller pastures regardless of system used possibly because cows spent more 
time grazing as opposed to walking to water. Cows that were rotationally stocked spent less 
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time grazing and more time resting presumably because forage availability was increased 
(Stricklin et al., 1976). A review by Stricklin and Kautz-Scanary (1983) further characterizes 
many of the behaviors influencing grazing activity in cattle. 
In addition to grazing management practices, fertilization of pastures can play a role 
in pasture productivity and nutritive value. New stands of legumes added to established 
grass pastures may not fix enough nitrogen for high productivity required by grasses in 
grazing systems and, therefore, additional nitrogen must be applied (Anderson et al., 1948). 
The proper rate of fertilizer application is important to produce quality forage and to be 
economical to the producer. Nichols et al. (1990) found a quadratic ·response to nitrogen 
fertilizer when applied in subirrigated meadow. For each 45 kg increase in nitrogen applied 
per hectare, zero to 135 kg/ha more dry matter was yielded. Though nitrogen fertilization of 
135 kg/ha increased forage yields by 63%, the concentrations of CP and IVDDM in the 
forage decreased by .68 and 2.9%, respectively. Type of application may influence plant 
responses to fertilization. Surface application of nitrogen increased yields of tall fescue 
pastures by 42% compared to knifing (Sweeney et al., 1996). However, knifing resulted in 
more total Nuse by the plant. In this study, nitrogen applications up to 168 kg/ha increased 
yields from 1,350 to 2,030 kg DM/ha. Applying 223 kg/ha of nitrogen fertilizer in late 
summer to bromegrass pastures increased pasture productivity by 1,073 kg/ha and extended 
the grazing season into fall (Anderson et al., 1948). Using both spring and fall applications 
of nitrogen also increased yields and extended the grazing season into fall (Hoveland and 
Richardson, 1992). However, these nitrogen applications decreased the legume content of 
these pastures. 
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The average sward height of a pasture has been studied as a predictor of available 
biomass and subsequent animal intake (Wright et al., 1994; Marshall et al., 1998; Hersom, 
1999). Methods used to estimate forage availability that can practically be used by the 
producer are most important as they bridge the gap between research findings and practical 
application. Methods that are most commonly used have been canopy height, rising plate 
meter, and the Robel pole, and accuracy and ease of calibration of these methods have been 
compared and evaluated (Harmoney et al., 1997). Plate meters have been used and calibrated 
by researchers for use in experimental plots, however the most accurate of these are generally 
expensive and cumbersome to carry about from field to field (Rayburn and Rayburn, 1998). 
Attempts to build a cheaper version of the plate meter may be an alternative that can be used 
and calibrated for a particular producer's fields; however the accuracy of these plate meters 
may be compromised. Once an accurate measure of sward height can be established 
however, sward heights may be used to predict animal performance as related to available 
biomass or to predict body weight changes of cows (Wright et al., 1994). Because sward 
height changes in a predictable way pre- and postgrazing (Marshall et al., 1998), it may be 
useful for determining residence time in paddocks (Aiken, 1998; Hersom, 1999; Hermann et 
al., 2001). In Harmoney et al. (1997), estimates of available DM taken with a rising plate 
meter were positively correlated to clipped samples measured in the same sample area that 
contained various grass and legume species (r2 = .59). Hermann et al. (2001) used a plate 
meter that was correlated to the forage species present in the experimental plots, which 
improved the accuracy of predicting forage availability (r2 = .71). 
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. Growing Animal Systems 
Grazing Systems 
Growing animals have been used in studies that have focused on grazing during the 
spring and summer months when forage is in a productive state. However, results comparing 
rotational systems to continuous stocking systems have been inconclusive. In some studies, 
rotational stocking systems were able to support higher stocking rates (Popp et al., 1997a) 
and higher live weight gains per unit of land area (Aiken et al., 1998). Whereas other studies 
have shown the reverse to be true (Olson et al., 1993; McCollum et al., 1999). Use of 
rotational stocking systems increased the length of the grazing season, if managed correctly 
(Popp et al., 1997a). Regardless of the type of grazing system used, animal gains were 
directly related to the available forage mass (Marsh, 1979; Olson et al., 1993; Boyd et al., 
2001) and digestibility (McCollum and Gillen, 1998) in the pasture and as well as the 
stocking rate (Popp et al., 1997a; McCollum, et al., 1999). More total seasonal animal 
production per unit area of land was realized at higher stocking rates because of increased 
number of animals per unit area (Popp et al., 1997a). 
The available forage mass per animal or grazing allowance has a direct effect on the 
intake of cattle grazing the pasture (Adams et al., 1986). When more forage was available, 
the time required to select a high quality diet adequate for growth decreased and total intake 
increased (Popp et al., 1997b). This increased intake had a positive effect on the animal 
production, but the daily herbage consumption on a metabolic body weight basis did not vary 
between different stocking systems or rates (Popp et al., 1997b). Grazing allowances also 
influenced the animals' opportunity to select herbage of high quality (Marsh, 1979). 
·Increasing forage allowance per animal may be beneficial to animal performance, however 
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excessive available forage beyond the herd's daily intake affected the IVOMD concentration 
of the pasture by increasing the proportion of mature forage (Marsh, 1979). Reducing 
forage intake by limiting the time animals had access to paddocks decreased total DM 
digestibility more than offering a diet that was known to have low digestibility (McCollum 
and Gillen, 1998). In this study, short-duration grazing resulted in an increased amount of 
residual forage in the pasture that was more mature than continuously stocked pastures. In 
addition, lighter stocking rates have increased the amount of residual forage left at the end of 
a grazing event (Popp et al., 1997b). 
Pastures in which animals were allowed access to new paddocks on a weekly basis 
allowed legume content to increase, providing animals a nutritional benefit through increased 
forage availability and CP content (Boyd et al., 2001). However, these increases in legume 
content were not present through the whole grazing season. In cases where increased daily 
gains were seen early in the season only, rotational systems were most beneficial at 
increasing body weight gains observed on pasture (Olson et al., 1993). For example, use of 
intensive early stocking with high stocking rates when periods of forage growth were high 
were used in the early spring to control forge growth and digestibility (Hersom, 1999). Once 
forage growth slowed in the summer, stocking rates were decreased to allow adequate forage 
for the remainder of the season. 
Finishing Systems 
Because the growing animal is able to adapt to periods of restricted growth by 
compensating during periods of adequate nutrition, backgrounding calves over winter on a 
diet designed to meet maintenance needs, before grazing in the summer may be beneficial to 
productions costs (Lewis et al., 1990b). Many studies have focused on the effects of 
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restricting growth during the winter followed by an evaluation of growth response while 
grazing pasture in the summer. In general, restricting growth in winter will have a positive 
effect on the gains realized on summer pastures (Heinemann and VanKeuren, 1957; White et 
al., 1987; Lewis et al., 1990a; Baker et al., 1992; Drouillard and Kuhl, 1999). The type of 
feed used in backgrounding may have an effect on the composition of gain on pasture. Com 
silage fed ad libidum without concentrate during backgrounding led to less fat deposition in 
yearlings grazing pastures than com silage fed ad libitum or restricted with concentration 
(Baker et al., 1992). Mixed forage and concentrate diets resulted in less protein and energy 
deposition than forage diets alone in this study. Systems utilizing stockpiled forages for 
winter feeding of growing cattle resulted in weight gains that were superior to hay feeding 
(Allen et al., 1992a). Because gains on pasture were not adequate to overcome differences in 
starting weights, heavier animals at the initiation of grazing in summer resulted in heavier 
weights once animals were removed from pastures and finished in a feedlot (Horton and 
Holmes, 1978). In general, neither winter dietary treatments nor summer grazing treatements 
negatively affected the feedlot performance or carcass characteristics at finishing in several 
studies (Heinemann and VanKeuren, 1957; White et al., 1987; Lewis et al., 1990b; Baker et 
al., 1992; Allen et al., 1996; Hersom, 1999). In fact, finishing systems incorporating summer 
grazing decreased the number of days needed for animals to reach comparable condition in 
the feedlot (Horton and Holmes, 1978; Ridenour et al., 1982; White et al., 1987; Hersom, 
1999; Wertz et al., 2001; 2002). 
Energy supplementation while on pasture may further increase the performance of 
grazing animals (Baker et al., 1992; Allen et al., 1996). However, there was no benefit to 
protein and energy supplementation given to grazing cattle because it failed to decrease the 
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amount of time required for cattle to reach similar carcass characteristics (Elizalde et al., 
1998). Additionally, feedlot efficiency of gain was decreased when compared to animals 
receiving no supplementation. In addition to these results, protein and energy 
supplem'entation effects may not carry over to carcass measurements. In some studies 
however, especially those utilizing endophyte-infected fescue, energy or protein 
supplementation is useful to keep animal production at a desirable level (Elizalde et al., 1998; 
Drouillard and Kuhl, 1999). Establishing legume stands in the pasture has increased the 
amount of gain for growing yearlings (Heinemann and VanKeuren, 1957; Allen et al., 1992a; 
1996). Implanting cattle with growth promotants while on pasture increased quality grades 
at slaughter, but cattle implanted with this implanting has been shown to render them less 
efficient at finishing (Drouillard and Kuhl, 1999). 
Evaluation of compensatory gain in growing animals after consuming a diet low in 
energy have been done. Cattle that gained less body weight on pasture recovered this growth 
in the feedlot by gaining more efficiently (Meyer et al., 1965; Abdalla et al., 1988). The type 
of body composition gained early in the compensatory period was characterized by an 
increased rate of protein deposition, followed by fat deposition later in the realimentation 
period (Lewis et al., 1990b). Differences in body weight of calves entering the feedlot after a 
period of grazing may not be overcome during finishing (Allen et al., 1996). However, in a 
study by Abdalla et al. (1988), restriction of energy or protein resulted in similar body size at 
the time of carcass harvest if the nutrient restriction did not occur before calves 12 weeks of 
age. In this study, feeding low protein diets to calves at eight weeks of age produced a 
stunting effect that was never overcome. Others have found that restricting the amount DM 
fed to calves did not result in any weight differences observed between groups once in the 
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feedlot (Horton and Holmes, 1978). Because growing animals that are retained and used in 
summer systems before finishing, they are generally older at the time of finishing. The effect 
of the age of the calf at finishing had an effect on carcass characteristics and decreased feed 
efficiency because of higher body weight (Lewis et al., 1990b). Feeding low energy diets 
such as pasture before the finishing period have decreased the amount of concentrates that 
was fed to calves before harvest (Meyer et al., 1965). In this study, one kilogram of 
roughage replaced .43 kg concentrate for hay-fed calves and .39 kg concentrate for pasture-
fed calves. 
Though grazing stocker animals before finishing may have economic benefits, there 
has been concern that high forage diets may cause undesirable carcass characteristics 
(Hedrick et al., 1983; Allen et al., 1996). When animals were finished directly from the 
pasture, carcass quality was compromised (Hedrick et al., 1983). With younger animals, this 
was not the case (Boyd et al., 2001). As the growing animal increased in weight, the need for 
protein decreased (Danner et al., 1980) therefore, the amount of energy needed in the diet to 
reach finishing quality also decreased. In this study, 40% concentrate diets were needed to 
produce desirable marbling and quality grades in cattle of similar weights. Allowing cattle to 
reach approximately 50% of their final weight in the pasture before finishing was 
advantageous over feeding concentrates before the finishing period, as quality grades 
increased (Ridenour et al., 1982). Allowing cattle to graze beyond this weight increased the 
time in the feedlot. Kempster et al. (1976), reported that subcutaneous fat was lower for 
cattle fed grass followed by grain compared to those finished on a high grain diet. However, 
when a grazing period was followed by concentrate feeding before harvest, desirable carcass 
characteristics were achieved (Hedrick et al., 1983; Allen et al., 1996; Hersom, 1999; Wertz 
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et al., 2001; 2002). Feeding grain diets before harvest also reduced the incidence of yellow 
fat sometimes observed in grass-fed cattle sent directly to slaughter (Allen et al., 1996). 
Integration of Systems for Whole Farm Production 
Studies focused on integrated grazing animal and forage management systems are an 
important contribution to the literature, but they are not numerous (Adams et al., 2000). As 
stated in the introduction, the need to understand production systems on a whole biological 
basis is a something that has not been focused on in great detail over the years. As the beef 
industry changes, the need for sustainable systems that match nutrient needs of the cow-calf 
herd to the available forage resources will become more important (Adams et al., 1996). The 
way that producers can integrate systems will depend on the system already in place. 
Integration can be as simple as retaining stockers for a period of grazing in the spring and 
summer to integrating a type of winter grazing system with an existing summer one (Allen et 
al., 1992a; 1992b; Hitz and Russell, 1998; Hersom, 1999). Changes can be more complex as 
well, such as having two herds with different calving seasons (Bagley et al., 1987a; 1987b). 
Delaying the calving date can potentially increase profit to the beef herd as beef prices are 
seasonal in nature (May et al., 1999). 
Experiments evaluating grazing systems for fall-calving herds are not plentiful in the 
literature. Comparisons of fall- and spring-calving herds have been done by Bagley et al. 
(1987a; 1987b), and Simms and Bailey (1995). In studies conducted in Louisiana (Bagley et 
al., 1987a; 1987b), fall-calving cows were rotationally stocked in pastures over winter and 
creep grazing was allowed for calves. Early and mid-winter grazing in these systems 
resulted in less winter hay supplementation. Conception rates and weaning weights were not 
affected by the management system in these studies, however calf death losses were greater 
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for spring-calves possibly because of the weather conditions at the time of calving. Fall 
calves were heavier than spring calves at weaning, though adjusted 205-day weaning weights 
did not differ. On native rangeland in Oklahoma with or without complimentary forage 
grazing, fall calves were older and heavier at weaning, though birth weights of fall calves 
were generally lighter (Sims and Bailey, 1995). The fall-calving system using 
complimentary forage reduced the amount of rangeland needed for production. 
Systems that allow grazing both in summer and winter have been developed. 
Important to these systems is the ability to match the animal needs with the forage 
productivity at various times throughout the year. Tucker et al. (1989a), Allen et al. (1992a; 
1992b; 1996), Luna et al. (1994), and Hersom (1999) have developed and characterized 
working examples of systems using cow-calf pairs and stocker animals in grazing systems 
through summer and winter. By utilizing stockpiled pastures for calving, the initiation of 
grazing in summer pastures was delayed until adequate growth was established (Allen et al., 
1992b; Hersom, 1999). These systems relied on less hay feeding to animals because they 
were able to graze rather than being fed hay. Use of stockpiled pastures for growing animals 
also reduced the amount of stored forage needed for backgrounding calves before finishing 
(Allen et al., 1992a). Nutritive value of forage consumed during stocking in pastures 
influenced the performance of calves during finishing as much as the type of forage used 
during finishing. Therefore the use of pastures to grow animals before finishing resulted in 
less cost for finishing (Allen et al., 1996). Use of creep pastures for nursing calves during 
summer grazing that were also used for hay harvest allowed the producer to retain calves 
over winter with the hay produced and then use these calves for summer grazing in the 
following season (Tucker et al., 1989a). Because less hay was required in systems utilizing 
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winter grazing, the amount harvested was in excess of hay fed, furthering the ability of the 
producer to have hay available for feeding growing animals (Hersom, 1999). Though total 
land inputs may be greater for integrated systems, the amounts of herbicide and pesticide 
applied were reduced in systems utilizing crop and pasture rotations (Luna et al., 1994). In 
these systems, which also used manure for fertilization, the amount of applied nitrogen was 
less as well. Profit from these systems depend on the year because of variable input costs 
and, therefore, require several years of study to determine economic patterns. 
Many factors have been found to influence the profitability of grazing systems. For 
example, use of hay harvest (May et al., 1999) and frequency of hay cutting (Hall, 1998) 
increase the cost of beef production. With multiple hay harvests as opposed to a single hay 
harvest with grazing, there would be higher hay production costs per hectare, ton of dry 
matter produced, and kg of calf produced (D'Souza et al., 1990). Flexibility to shift among 
management practices may also contribute to feasibility of systems. In a study comparing 
stocking rates related to milk production in dairy cattle (Fales et al., 1995), low stocking rates 
had a 18 to 36 dollar profit advantage per cow in over medium or high stocking rates, 
respectively. However, on per hectare basis, advantages of high and medium stocking rates 
were 481 and 24 7 dollars more profitable over low stocking rates. Effects of these stocking 
rates were not examined over long periods to estimate the effect of stocking rate over 
multiple years. 
In Heitschmidt et al. (1990), rotational stocking practices increased the net returns per 
acre over continuous systems by approximately $1.70. Because of variation between years, 
the net returns from pastures grazed by continuous stocking systems ranged from negative to 
positive. In pastures with deferred rotational systems, returns varied between years, but they 
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were never negative which resulted in less potential risk for the producer. Mass of the peak 
standing crop, combined with animal gains per hectare influenced return to labor and 
management (Manley et al., 1997). These economic analyses that are done must be 
appropriate to biological significances. For example, biological significance may be reached 
at .05, whereas an economic effect may be as large as .10 to .15 (Adams et al., 2000). This 
must be considered when evaluating the value of one system over another. 
Conclusions and Need for Research 
There are many limitations that grazing researchers face. These range from 
variability caused by weather conditions and low number of replications that can be used, to 
obtaining a representative group of animals and pastures to make inferences about production 
in similar areas under similar conditions (Adams, 2000). Decreasing the cost of beef 
production from the cow-calf operation to the finishing period, while producing the same 
quality beef product for the consumer is the goal in the beef industry as it is with other 
animal production industries (Allen et al., 2000). Sustainability of grazing management 
systems is becoming as important as reducing monetary investment and nutrient recycling 
and other ecological processes are becoming more emphasized (Luna et al., 1994). 
Development of new integrated grazing management systems allow both the producer and 
researcher to be creative, but the amount of data gathered from such systems is limited 
(Reeve et al., 2000). Because of this, the producer may be less willing to try alternative 
systems and make them an important part of the sustainability of beef production. 
The lack of systems research in the literature that integrates beef production together 
from the cow-calf pair to the growing animal and finished calf in the feedlot is quite 
apparent. Virtually no studies of this type have been conducted in the Midwest utilizing 
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forages commonly used in Iowa. Many studies have focused on rangeland grazing or grazing 
in areas that have longer growing seasons due to their southern latitude (Bagley et al., 1987a; 
1987b; Simms and Bailey, 1995). Additionally, many of these studies have focused on only 
one aspect or stage of production in the cow-calf or growing animal enterprise (Gregory, 
1972; Adams et al., 2000). Because of these reasons and a need to demonstrate integrated 
systems for use by the producer, a year-round grazing experiment was developed to examine 
integrated grazing and finishing systems for both fall- and spring-calving beef cows and their 
calves. The experiment was compared to a conventional summer grazing system and winter 
hay feeding in a drylot. The following primary objectives were developed: 1) to determine 
the impact of a conventional verses year round grazing system integrating fall- and spring-
calving cows on cow-calf production, performance, and amount of hay fed to each group, 2) 
to determine the impact of integrating spring and fall calves into a cow-calf grazing 
management system to balance annual forage, 3) to determine the effects of the conventional 
system using hay harvest verses a year round grazing system using hay harvest and stocker 
animals to control forage nutritive value in summer pastures, and 4) to determine the effects 
of hay harvest and winter grazing of stockpiled forage over multiple grazing seasons on 
forage availability and nutritive value. 
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Abstract 
A 3-yr experiment was conducted to compare the amounts of hay fed, cow weight and 
condition score changes, and growing animal production from conventional (minimal land) 
and year-round grazing systems for beef cows. In the minimal land (ML) grazing system, 
duplicate 8.1-ha smooth bromegrass-orchardgrass-birdsfoot trefoil (SB-OG-BFf) pastures 
were rotationally stocked with six spring-calving Angus-sired crossbred cows and calves, 
with excess first-cutting forage harvested as hay from 63 to 75% of the land area and fed 
during winter. Calves in the ML system were finished on a high grain diet after weaning at 
the end of the summer grazing season. In the year-round (YR) grazing system, duplicate 8.1 
ha SB-OG-BFf, 6.1-ha tall fescue-red clover (TF-RC), and duplicate 6.1 ha smooth 
bromegrass-red clover (SB-RC) pastures were rotationally stocked with six spring-calving 
cow-calf pairs and six pregnant fall-calving cows during the summer. Excess forage was 
removed by grazing 12 stocker cattle on the SB-OG-BFf pastures and by hay harvest from 
TF-RC and SB-RC pastures. During winter, pregnant spring-calving cows sequentially strip-
grazed 6.1-ha corn crop residue fields and 6.1-ha stockpiled SB-RC pastures and fall-calving 
cows with calves strip-grazed 6.1-ha stockpiled TF-RC pastures. Spring calves, weaned at 
the termination of summer grazing, and fall calves, weaned in March, were fed a hay-corn 
gluten feed diet in winter, rotationally stocked with the cows on the SB-OG-BFf pastures for 
103 ± 11 d in summer, and finished on a high grain diet. During winter, hay was fed to 
maintain a mean condition score of 5 on a 9-point scale of spring-calving cows in both 
systems and body condition score greater than 3 in 50% of fall-calving cows in the YR 
grazing system. Compared to spring-calving cows in either grazing system at similar 
production stages, fall-calving cows in the YR grazing system had greater (P _$ 0.03) body 
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condition scores at all stages except post-breeding (P = 0.13) and post-weaning (P = 0.53). 
No differences were observed in body condition scores between groups of spring-calving 
cows in either grazing system over the year (P 2::. 0.11). Total growing animal (calf and 
stocker cattle) production from pastures tended to be 12.1 kg/ha lower (P < 0.07), but 27 
kg/cow greater (P = 0.01) from the YR grazing system than the ML grazing system. The 
amounts of hay fed in the ML grazing system was 896 kg DM/cow-stocker pair greater (P < 
0.01) than the YR grazing system. 
Key words: Beef Cows, Grazing, Stockpiled Forage, Rotational Stocking 
Introduction 
Feed cost is the largest expense in maintaining a beef cow herd (Strohbehn, 1990). 
Extending the grazing season for beef cows into fall and winter reduced the amount of hay 
fed in winter (Adams et al., 1994; Hitz and Russell, 1998; Hersom, 1999) and increased the 
profitability of the operation (D'Souza et al., 1990). Matching a herd's nutrient needs with 
the available forage mass has also minimized beef production costs (Adams et al., 1996). 
Stocker systems have been developed to compliment grazing systems using spring-calving 
herds to control excess forage growth (Allen et al., 1992a, Allen et al., 2000; Hersom, 1999). 
Though these systems have provided a means to manage excess forage growth associated 
with extended grazing systems, they have required purchase or retention of weaned animals 
over winter, resulting in increased cost to producers. 
Because nutrient requirements of cows are cyclic and depend upon the physiological 
state (NRC, 1996), the nutrient requirements of fall- and spring-calving herds complement 
each other. Furthermore, use of fall-calving herds has maximized the amount of weaned calf 
produced per cow (Bagley et al., 1987a; 1987b), and reduced the area of summer rangeland 
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needed to maintain these herds (Simms and Bailey, 1995). Extended grazing systems have 
been developed and evaluated for spring-calving herds (Allen et al., 1992b; Willms et al., 
1998; Adams et al., 1994), but few studies have evaluated the use of extended grazing 
systems for fall-calving herds in the Midwest. The objectives of this experiment were to 
compare animal production and annual hay needs of cows and calves in a year-round grazing 
system integrating spring- and fall-calving cows to a conventional system using summer 
grazing and winter hay feeding of spring-calving cows at land allowances adjusted to balance 
the amounts of hay harvested and fed to cattle in each system. 
Materials and Methods 
Pastures 
A 3-yr grazing experiment was conducted from November, 1998 through October, 
2001, using two 6.1-ha smooth bromegrass (Bromus inermis var. Barton)-ted clover 
(Trifolium pratens var. Arlingon) pastures, two 6.1-ha endophyte-free tall fescue (Festuca 
arundinacea var. Johnstone)-red clover pastures, two 6.1-ha com (Zea mays) crop residue 
fields, and four 8.1-ha smooth bromegrass-orchardgrass (Dactylis glomerata var. Napier)-
birdsfoot trefoil (Lotus corniculatus var. Noreen) pastures at the McNay Research and 
Demonstration Farm near Chariton, IA. Soil in these pastures was primarily Grundy silty 
clay loam Grundy silty clay loam (mollisols, udolls, arguidolls, aquertic, fine, smectitic, 
mesic) with 2 to 7% slopes. These pastures had been established in 1988 through 1992 and 
were used in other grazing experiments (Hitz and Russell, 1998; Hersom, 1999) prior to the 
present study. 
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Winter Forage Management 
Before grazing in the fall of 1998 (yr 1), 1999 (yr 2), and 2000 (yr 3), the two 6.1-ha 
stockpiled smooth bromegrass-red clover pastures, stockpiled tall fescue-red clover pastures, 
and corn crop residue fields were divided into four 1.53-ha strips (Figure 1). On November 
11ofyr1, 24 pregnant spring-calving Angus-sired crossbred cows (mean BW, 527 ± 7.9 kg; 
mean body condition score, 5.3 ± 0.17; mean age, 6.0 ± 1.81 yr) were randomly allotted to 
two corn crop residue fields in the year-round grazing system or one of two 0.12-ha drylots 
in the minimal land system. Simultaneously, 12 fall-calving Angus-sired crossbred cows 
(mean BW, 551±7.1 kg; mean body condition score, 5.2 ± 0.23; mean age, 5.8 ± 1.70 yr) 
with calves (mean BW, 97 ± 7.8 kg) were randomly allotted to one of two 6.1-ha stockpiled 
tall fescue-red clover pastures in the year-round grazing system. Initiation of the winter 
management systems in subsequent years occurred on October 28 and 18 in yr 2 and 3 with 
the same cows as yr 1 with the exception of replacements for cows culled for impaired 
reproduction or health. On February 2, December 28, and January 17 of yr 1, 2, and 3, 
spring-calving cows in the year-round grazing system were moved to the two 6.1-ha 
stockpiled smooth bromegrass-red clover pastures for the remainder of the winter. Corn crop 
residues and stockpiled grass-legume pastures in the year-round grazing system were strip-
grazed with new strips opened at 2 and 3 wk intervals, allowing cows to access the combined 
area of the opened strips. Hay from the respective treatments was fed as large round bales to 
maintain a mean body condition score of 5 to spring-calving cows in the minimal land and 
year-round grazing systems, to maintain a body condition score greater than 3 in a minimum 
of 50% of the fall-calving cows in the year-round system, or if forage availability for grazing 
was inhibited by excessive snow and ice. 
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On November 13, November 11, and November 4 of yr 1, 2, and 3, one Angus bull 
was added to each stockpiled tall fescue-red clover pasture to initiate a 45-d breeding season 
for fall-calving cows. Fall calves were weaned on March 3 and March 2, as designed, in yr 1 
and 2. Early weaning of fall calves on January 17 of yr 3 was necessary because heavy snow 
and ice cover and lower than normal ambient temperatures resulted in body condition scores 
of 3 or lower in 50% of the fall-calving cows. Weaned calves were maintained in a drylot on 
a hay and com gluten feed or com grain diet until the initiation of summer grazing (Janovick, 
2002). 
Summer Forage Management 
In the minimal land system, two of the four 8.1-ha smooth bromegrass-orchardgrass-
birdsfoot trefoil pastures were divided into four .52-ha and six 1.01-ha paddocks. At the 
initiation of summer grazing on April 22, April 26, and May 2 of yr 1, 2, and 3, spring-
calving cows (mean BW 522 ± 17.7, 561±8.5, and 543 ± 11.3 kg and body condition score 
4.6 ± 0.16, 5.5 ± 0.19, and 4.4 ± 0.19 in yr 1, 2, and 3) with calves (mean BW 43 ± 1.1, 42 ± 
0.6, and 39 ± 2.9 kg in yr 1, 2, and 3) were assigned to one of the pastures and grazed the 
four .52-ha paddocks by rotational stocking (Figure 2). First harvest forage from the 
remaining six paddocks was removed as hay on May 24, and June 12 of yr 1 and 3, and from 
five of six paddocks on May 28 in yr 2 because of low rainfall. The regrowth following hay 
harvest was grazed by rotational stocking after a minimum of 28 d. Assuming a standard 
livestock unit (slu) is a 500 kg nonlactating cow (Minson and Whitemen, 1989), stocking 
densities of the pastures were 3.76 and 1.17 slu/ha for the first 60 d and after paddocks with 
regrowth were included. Grazing interval for each paddock varied so that approximately 
50% of the initial live forage mass, estimated by a falling plate meter (4.8 kg/m2; Hermann 
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et al., 2001 ), was removed. Cows were bred with two Angus bulls that were rotated between 
pastures at 7-d intervals over a 45-day breeding season beginning on June 17, June 21, and 
June 18, in yr 1, 2 and 3, respectively. 
Simultaneous to initiation of grazing in the minimal land system, the six spring-
cal ving cows (mean BW 532 ± 7.1, 556 ± 12.7, and 541±9.9 kg and body condition score 
4.7 ± 0.07, 5.4 ± 0.15, and 4.7 ± 0.15 in yr 1, 2, and 3, respectively) with calves (mean BW 
42 ± 1.0, 42 ± 1.9, and 40 ± 3.4 kg in yr 1, 2, and 3) and six pregnant fall-calving cows 
(mean BW 523 ± 0.7, 567 ± 2.1, and 552 ± 32.5 kg and body condition score 4.7 ± 0.43, 5.8 
± 0.15, and 5.1±0.31 in yr 1, 2, and 3) in each replicate of the winter treatments in the year-
round grazing system were assigned to one of the two remaining 8.1-ha smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures divided into eight 1.01-ha paddocks. In addition, 24 
steer or heifer calves from the previous season's spring and fall calf crops (mean body weight 
303 ± 6.2, 228 ± 0.2; 334 ± 3.9, 250 ± 2.7; and 312 ± 9.3, 213 ± 14.0 kg, spring and fall 
calves, respectively, in yr 1, 2, and 3) were randomly allotted, dependent upon age and 
weight, to one or the other of these pastures to graze as stocker cattle. 
For the first 57 d of grazing in yr 1 and 2 and 48 d in yr 3, spring-calving cow-calf 
pairs and stocker cattle grazed by rotational stocking to remove approximately 34% of the 
live forage mass, followed by pregnant fall-calving cows which removed an additional 16% 
of live forage mass as estimated with a falling plate meter (Hermann et al., 2002). Total 
stocking density was 2.68 slu/ha. Depending on forage growth, a portion or all of the first 
harvest forage from the replicated 6.1-ha tall fescue-red clover and smooth bromegrass-red 
clover pastures was harvested as hay in large round bales on May 24, May 28, and June 12 in 
yr 1, 2, and 3. On June 17, June 21, and June 18 of yr 1, 2, and 3, spring-calving cow-calf 
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pairs and fall-calving cows were moved to the same 6.1-ha smooth bromegrass-red clover 
and tall fescue-red clover they stocked the previous winter to graze regrowth forage. In yr 1, 
these pastures were divided into four paddocks and strip-grazed for 50 d. Because of low 
rainfall and forage productivity on smooth bromegrass-orchardgrass-birdsfoot trefoil pastures 
in yr 2, cows grazed for 54 d on the first harvest forage in two paddocks in these pastures, 
followed by post-harvest regrowth from the two paddocks from which hay was harvested. 
In yr 3, first-harvest forage from all paddocks in the tall fescue-red clover and smooth 
bromegrass-red clover pastures was harvested as hay. But similar to yr 2, inadequate forage 
in the smooth bromegrass-orchardgrass-birdsfoot trefoil pastures resulted in the cows being 
moved to these pastures 7 d after hay harvest to strip-graze regrowth for 14 d. Cows returned 
to the smooth bromegrass-orchardgrass-birdsfoot trefoil pastures for 14 d, and returned to 
their respective tall fescue-red clover and smooth bromegrass-red clover pastures to graze 
regrowth from hay harvest and grazing for 43 d. Spring-calving cows were bred with two 
Angus bulls that were rotated between pastures at 7-d intervals over a 45-d breeding season 
beginning on the date grazing was initiated on the tall fescue-red clover and smooth 
bromegrass-red clover pastures. 
On August 5, August 2, and July 30 of yr 1, 2, and 3, stocker cattle were removed 
from the smooth bromegrass-orchardgrass-birdsfoot trefoil pastures, placed in replicated pens 
in a feedlot, and finished on a high grain diet (Janovick, 2002). Simultaneously, spring-
calving cow-calf pairs and fall-calving cows were returned to the smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures to graze by rotational stocking at 2.00 slu/ha. Forage 
in the smooth bromegrass-red clover pastures and the tall fescue-red clover pastures was 
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fertilized with 45 kg N/ha and stockpiled for a minimum of 83 d before initiation of winter 
grazi.ng. 
Spring calves were weaned and summer grazing was terminated on October 28, 
October 17, and October 26 in yr 1, 2, and 3 when live forage mass of the smooth 
bromegrass-orchardgrass-birdsfoot trefoil pastures was less than 730 kg/ha, as estimated with 
a falling plate meter. Similar to fall calves, spring calves from the year-round grazing system 
were maintained on a hay and com gluten feed or com grain diet in one pen in a drylot over 
winter and used as stockers the following summer. Calves from the minimal land system 
were immediately moved to replicate pens in a feedlot at weaning and finished on a high 
grain diet (Janovick, 2002). 
Hay Production and Feeding Measurements 
Large round bales of hay harvested from the pastures were weighed and core-sampled 
in two locations per bale at harvest for determination of total DM yield. During winter, each 
bale was weighed at feeding. Core samples were taken at depths of 0 to 22 cm and 22 to 76 
cm in four locations around the bale monthly from a minimum of three bales to determine 
DM concentration by drying at 60°C for 48 h. Mean DM concentrations of the bales were 
calculated as the average of the measurements at the two depths, assuming that 50% of the 
forage volume is in the outer 22 cm of a bale with a 152-cm diameter (Brasche and Russell, 
1988). To calculate hay balance for each system, the difference in the amounts of hay 
harvested in summer and fed during winter were calculated on a per cow (Hitz and Russell, 
1998) and a per cow plus stocker bases. 
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Animal Management 
Cows were replaced at the initiation of either the winter or summer grazing season if 
they failed to conceive, if a calf was lost, or other health problems prevented the cow or cow-
calf pair from being used in the experiment. Replacement cows were acquired from similar 
fall- and spring-calving herds at the McNay Research and Demonstration Farm and matched 
by weight and condition score to the cow being replaced. Cows had ad libidum access to 
trace mineral supplement blocks (180 ppm Mg, 200 ppm Cu, 350 ppm Zn, and 36 ppm Se) 
throughout the experiment. During winter, cows and calves from both systems were weighed 
without fasting at the initiation of winter grazing, at termination of com crop residue grazing, 
at weaning of fall calves and at the end of the winter grazing season. Over summer grazing, 
cows, calves, and stocker cattle were weighed without fasting at the initiation of summer 
grazing and every 28 d thereafter. While in the drylot or feedlot, calves were weighed 
without fasting every 28 d. Cows were condition-scored using a 9-point scale (Neumann and 
Lusby, 1986) by the same individual biweekly during winter treatments and at weighing 
during summer treatments. Mean calving dates were April 21 and 22; April 18 and 11; and 
April 16 and 6 for spring-calving cows in the minimal land and year-round grazing systems 
and August 31, September 6, and August 28 for fall-calving cows in the year-round grazing 
system in yr 1, 2, and 3. The study was reviewed and approved by the Institutional Animal 
Care and Use Committee at Iowa State University. 
Statistical Analyses 
Cow BW and condition scores; calf birth weights, weaning weights and average daily 
gains; stocker cattle BW gains; and hay production, feeding, and balance were analyzed as a 
two-way analysis of variance using the GLM procedure (SAS Inst. Inc., Cary, NC) with the 
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main effects of calving season within management system and year and the two-way 
interaction of calving season within forage system and year included in the model. Linear 
contrast statements were used to test for differences between means in preplanned 
comparisons, which were defined as the difference between each cow or calf group. Body 
weight gains of stocker cattle while grazing pastures within the year-round grazing system 
were analyzed as a two-way analysis of variance using the GLM procedure (SAS Inst. Inc., 
Cary, NC) with the main effects of calving season and year and the two-way interaction of 
calving season and year included in the model. The experimental unit in these analyses was 
each replicated group of animals within a calving season within a forage management 
system. 
To test the effects of forage system on hay production, feeding, and balance, data 
were also analyzed in a two-way analysis of variance using the GLM procedure (SAS Instit. 
Inc., Cary, NC) with main effects of forage system and year and the two-way interaction of 
forage system and year, using the sum of all cow groups within a forage system as the 
experimental unit. Total growing animal production was defined as the sum of the body 
weight gains of all calves and stocker cattle produced within a replicate of either forage 
system and was also analyzed by the GLM procedure (SAS Instit. Inc., Cary, NC) with the 
main effects of forage system and year and the two-way interaction of system and year. 
When interaction occurred between cow group and year in all data sets, forage management 
system effects were tested in each year. In the statistical analyses of all dependant variables, 
a significance level was declared at a probability of less than 0.05. 
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Results 
Cow BW and Condition Scores 
Body weights of spring-calving cows in either system did not differ (P > 0.05) in any 
month except March (Figure 3). Pre-calving BW of spring-calving cows in March were 
greater (P < 0.01) for cows in the minimal land grazing system than the year-round grazing 
system. Although BW of fall-calving cows in the year-round grazing system did not differ 
(P > 0.05) from spring-calving cows in either grazing system at the initiation of winter 
grazing in late October, the BW of the fall-calving cows were lower (P < 0.05) than spring-
calving cows in either grazing system until initiation of summer grazing (P = 0.14). Body 
weights of fall-calving cows in the year-round system were greater (P < 0.05) than spring-
calving cows in either system throughout the summer. Because of the loss of BW associated 
with calving and the lower forage allowance in September and October in the pastures in the 
year-round grazing system (Janovick, 2002), BW of fall-calving cows in the year-round 
grazing system decreased from August until the termination of grazing resulting in no 
differences in BW between fall-calving cows in the year-round grazii:ig system arid spring-
calving cows in either system at the termination of summer grazing. 
Cow body weights were compared at similar production stages. Spring-calving cows 
in the minimal land system had greater body weights at breeding (P = 0.01) and at weaning 
(P = 0.04) of the spring calf crop, however, body weights between these groups were similar 
at all other production stages (P ~ 0.05; Figure 4). Fall-calving cows in the year-round 
grazing system had greater body weight than spring-calving cows in either grazing system 
from the pre-calving through the pre-breeding stage (P < 0.01). At late lactation and 
weaning, body weights of fall-calving cows in the year-round grazing system were lower (P 
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::; 0.04) than spring-calving cows in either grazing system. However, there were no 
differences in body condition scores of cows between the three groups approximately 30 d 
post-weaning (P = 0.41). 
Trends in body condition score changes were closely associated with the changes 
observed in BW over both winter and summer grazing seasons (Figure 5). Mean body 
condition scores of spring-calving cows did not differ (P > 0.05) between grazing 
management systems in any month. Mean body condition scores of fall-calving cows were 
greater (P < 0.05) than spring-calving cows in either grazing management system in May 
through December and greater (P < 0.05) than spring-calving cows in the minimal land 
system in April. However, mean body condition scores of fall-calving cows in the year-
round grazing system were lower (P < 0.05) than spring-calving cows in either grazing 
system in March and lower (P < 0.05) than spring-calving cows in the year-round grazing 
system in February. In yr 2, during mild winter temperatures and little snowfall, condition 
scores of spring-calving cows in the year-round and minimal land system were greater than 
in either yr 1or3 (Year, P < 0.01) and averaged 4.6, 5.7, and 5.1 for yr 1, 2, and 3, 
respectively, over both groups. Fall-calving cows in the year-round system also had their 
greatest mean body condition score in yr 2 (5.9) compared to yr 1 (4.4) or 3 (5.3). 
When compared at similar production stages, no differences were observed in body 
condition scores between groups of spring-calving cows in either grazing system over the 
annual production cycle (P ~ 0.11; Figure 6). Fall-calving cows in the year-round grazing 
system had greater (P::; 0.03) body condition scores than spring-calving cows in either 
grazing system from the mid-gestation through the breeding stage. At late lactation and 
weaning, body condition score of fall-calving cows in the year-round grazing system were 
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lower (P 5 0.05) than spring-calving cows in either grazing system. However, there were no 
differences in body condition scores of cows between the three groups post-weaning (P = 
0.53) which was measured at a mean of 30 ± 13 d after weaning. Year affected body 
condition scores at the mid-gestation through calving (P < 0.01), however, no differences 
were observed between either group of spring-calving cows during these periods. In yr 2, the 
growing season allowed the greatest DM availability in summer pastures and was followed 
by a mild winter. All cow groups had greater body condition during these production stages 
in yr 2 compared to yr 1or3. The time of the calving season presumably influenced the 
body condition scores of these cows during these periods and allowed spring-calving cows to 
maintain greater condition before calving and allowed fall-calving cows to regain extra 
condition in summer pastures before calving. Mean rebreeding rates of fall-calving year-
round, spring-calving year-round, and spring-calving minimal land system cows were 94.5, 
83.3, and 85.8% (SEM = 4.18; n = 6), respectively, over three years and did not differ among 
cow groups (P = 0.20) or between grazing systems (P = 0.45). However, because of the low 
numbers of cows in each replicate, the reproductive data should be interpreted with caution. 
The percentage of cows that were replaced over all six grazing seasons were 8.3, 15.3, and 
15.3% (SEM = 3.87; n = 6) for fall-calving year-round, spring-calving year-round, and 
spring-calving minimal land system cows, respectively (P = 0.28). However, similar to 
reproductive data, these numbers should be interpreted with caution. 
Calf and Growing Animal Production 
There were no differences (P > 0.05) in the birth and weaning weights between spring 
calves in either grazing system (Table 1). Birth weights of spring calves born in the minimal 
land or year-round grazing system were 3 kg lighter (P = 0.03) at birth than fall calves in the 
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year-round grazing system. However, fall calves were 49 kg lighter (P < 0.01) at weaning 
. than spring calves in either grazing season. This difference in weaning weights between 
spring- and fall-calves was caused by differences in pre-weaning weight gains and weaning 
age. Although pre-weaning ADG of spring calves from both systems were similar (P = 
0.99), spring calves from either grazing management system gained 0.2 kg/d more than fall 
calves in the year-round grazing system (P < 0.01). There was no difference in the age at 
weaning between groups of spring calves from either system (P = 0.39). But the mean age at 
weaning of fall calves were 24 (P = 0.04) and 15 d younger (P = 0.16) than spring calves in 
the year-round and minimal land grazing systems. This difference in weaning age largely 
resulted from the earlier weaning in yr 3 associated with the more rapid decrease in body 
condition of fall-calving cows caused by excessively cold temperatures and snow fall. In yr 
3, fall calves were 44 kg lighter and 54 d younger than they had been at weaning the previous 
two years (Group x Year, P < 0.01). 
Because of the lower preweaning weight gains of fall calves and greater land 
requirements of the year-round grazing system, calf production from the minimal land 
grazing system was 47 kg BW/ha of grass-legume pastures (P < 0.01) and 32 kg BW/cow (P 
= 0.01) greater than the year-round grazing system (Table 2). However, the additional 
stocker cattle in the year-round grazing system resulted in an additional 35 kg BW/ha of 
grass-legume pastures and 55 kgBW/cow as growing animal production. Therefore, while 
the minimal land grazing system tended to have greater growing animal production per 
hectare of grass-legume pasture (P = 0.07), the year-round grazing system had 27 kg greater 
growing animal production per cow (P = 0.01) than the minimal land system. 
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Hay Feeding 
Over the 3-yr experiment, the smooth bromegrass-orchardgrass-birdsfoot trefoil 
· pastures in the minimal land system produced 1,312 kg DM/harvested ha (P < 0.01) and 510 
kg DM/cow (P = 0.02) more hay than the mean of the tall fescue-red clover and smooth 
bromegrass-red clover pastures in the year-round grazing system (Table 3). Within the year-
round grazing system, the amount of hay produced by tall fescue-red clover pastures grazed 
by fall-calving cows and calves during winter produced less hay per ha (P < 0.01) and per· 
cow (P < 0.01) compared to smooth bromegrass-red clover pastures grazed by spring-calving 
cows during winter. In the spring preceding the winter grazing season in yr 3, total monthly 
rainfall was 2.5 to 7. 7 cm below the thirty year average during the months of March through 
May, and as a result, only 83 and 75% of the total land area reserved for hay cutting was 
harvested as first-cutting hay in the minimal land and year-round system, respectively. Low 
rainfall reduced the amount of DM/harvested ha and reduced land area for hay harvest 
reduced the DM harvested/cow from both systems (Year, P < 0.01). 
In the minimal land system, 1,701 kg DM/cow more hay (P < 0.01) was fed than the 
mean amounts of hay fed to cows in the year-round grazing system. Although fall-calving 
cows in the year-round system required 80 kg DM/cow less hay during winter than spring-
calving cows in the year-round system, this difference was not significant (P = 0.22). Mean 
amounts of hay fed to spring-calving cows in the minimal land system were 2,234 kg/cow 
and did not differ (P > 0.05) between years. In contrast, the amounts of hay fed to fall- and 
spring-calving cows differed considerably between years (Group x Year, P < 0.01). In yr 1, 
fall- and spring-calving cows in the year-round grazing system required 419 and 624 kg hay 
DM/cow (P = 0.01) primarily after a 6.7-cm snowfall in November. Because of mild 
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temperatures (average 2.9 °C) and minimal snowfall (total precipitation and snowfall, 18.3 
and 40.6 cm) during winter in yr 2, no hay was fed to either fall or spring-calving cows in the 
year-round grazing system. In yr 3, mean temperatures were -l.9°C and total precipitation 
and snowfall were 26.4 and 99 .1 cm during winter. Therefore, mean amounts of hay 
required by fall- and spring-calving cows in the year-round grazing system were 1,061 and 
1,096 kg DM/cow (P = 0.85). 
Over 3 yr, mean hay production in the minimal land system was 232 kg DM/cow less 
than required to maintain spring-calving cows. In contrast, hay production from smooth 
bromegrass-red clover and tall fescue-red clover pastures were 1,152 and 766 kg DM/cow 
greater than required to maintain spring- (P < 0.01) and fall-calving (P < 0.01) cows in the 
year-round grazing system. As a result, mean amounts of hay fed in the year-round grazing 
system was 958 kg DM/cow greater than that produced (P < 0.01). The lack of rainfall 
which decreased DM yields in the hay crop during the second grazing season coupled with 
colder temperatures and greater winter precipitation may, therefore, have contributed to a 
larger difference between the amount of hay produced and fed during winter in yr 3. 
During winter backgrounding, spring- and fall-born stocker cattle required 1,305 and 
305 kg hay DM/calf (P < 0.01) from weaning to the initiation of summer grazing (Janovick, 
2002). When added to the hay requirements of the cows, mean hay requirements for the 
spring- and fall-calving cows and their respective retained calf crops in the year-round 
grazing system hay used was 1,877 and 798 kg DM/cow-stocker pair, respectively (P < 
0.01). This resulted in mean hay balances of -152 and 461 kg DM/cow-stocker pair for 
spring- and fall-calving cow groups, respectively (P = 0.05). The minimal land system did 
not utilize retained calves as stockers over winter, therefore a comparison was made between 
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hay used by cows in the minimal land system and that which was used per cow-stocker pair 
in the year-round system. On this basis, hay balance did not differ (P > 0.07) between the 
year-round grazing or minimal land systems in yr 1 and 2. However, because of the poor 
weather conditions, added hay requirements of stocker cattle, and low hay production in yr 3, 
hay balance for spring-calving cow-stocker pairs in the year-round grazing system was less 
(P < 0.04) than the minimal land system balance per cow. 
Discussion 
Winter weather can affect the success or type of strategy used to extend the grazing 
season (Adams et al., 1986) and must be considered to use resources effectively. In the 
present study, differences in winter grazing season length and amount of supplemental hay 
fed to cow and calf groups in the year-round grazing system varied with differences in annual 
snowfall. However, as designed, the amounts of hay required by both groups of cows in the 
year-round grazing system were less than those annually required for maintaining cows with 
a hay diet in a drylot in the minimal land system over 3 yr. In addition to hay savings, the 
year-round grazing system supported calf production, body condition, and reproductive 
performance in spring-calving cows comparable to that in the minimal land system. While 
grazing 1.01 ha com crop residues and 1.01 ha stockpiled smooth bromegrass-red clover 
pastures per cow over 180 d reduced the amount of hay required to maintain spring-calving 
cows by 1,611 kg/cow in the present study, the amounts hay required to maintain spring-
calving cows have been reduced by 646, 1,050, and 2,692 kg/cow by grazing tall fescue-red 
clover at 0.33 ha/cow over 141 d (Allen et al., 1992b), stockpiled tall fescue-red clover or 
smooth bromegrass red clover at 0.82 ha/cow over 139 d (Hitz and Russell, 1998) or 0.61 ha 
62 
com crop residue and 1.22 ha tall fescue-red clover or smooth bromegrass-red clover per cow 
over 185 d (Hersom, 1999). 
Stockpiled forage grazed by fall-calving cows contained 13.1 % CP on an OM basis 
(Janovick, 2002) which was a level adequate to support milk production (NRC, 1996). 
Furthermore, fall-calving cows underwent more dynamic changes in body condition 
compared to the spring-calving cows in either system over their entire production cycle. 
Excessive condition, as observed in fall-calving cows late in the summer, likely contributed 
to the observed changes in body condition score, as fatter cows tend to lose more condition 
compared to those in moderate condition (Houghton et al., 1990). However, allowing the 
cow to go through cyclic changes in body weight has been demonstrated to improve the 
efficiency of utilization of energy and nitrogen (Freetly and Nienaber, 1998). Additionally, 
Freetly et al. (2000) reported that cows allowed to lose condition in the second trimester of 
pregnancy, and gain condition before calving had similar calf production and reproductive 
performance to cows that were maintained at the same condition over the entire pregnancy. 
Therefore, it seems that utilization of body reserves for energy contributed to reduced 
supplemental hay feeding to fall-calving cows than spring-calving cows, and allowed fall-
calving cows to be more efficient at utilization of available forage resources. Additionally, 
calving date affects the cost of feeding cows by matching the cow more closely with forage 
resources and providing a weaned calf crop at a time of year when calf prices are highest 
(May et al., 1999). Therefore, the fall-calving herd may further complement the spring-
calving herd by producing a calf crop that could be market at an alternative time of year. 
The inclusion of stocker animals in the present study improved forage utilization by 
helping to balance the amount of hay harvested with the hay fed in this study. Although 
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mean hay production in the year-round grazing system using 1.7 ha of perennial pasture and 
0.5 ha of corn crop residue fields per cow-stocker pair exceeded hay needs by 958 kg 
DM/cow over three years the amount of excess hay produced was minimal compared to 
previous studies. As a whole system, stocker animals in the year-round system reduced the 
amount of excess hay which was produced and further reduced the overall system hay 
balance to 154 kg DM/cow-stocker pair. Hitz and Russell (1998), reported mean excess hay 
balance of 2,921 kg DM/cow when grazing stockpiled tall fescue-alfalfa or smooth 
bromegrass-red clover at .81 ha/cow for 4.5 mo. Similarly, Hersom (1999) reported a mean 
excess hay balance of 3,232 kg DM/cow when grazing corn crop residues at .61 ha/cow and 
cool season grass-legume pastures at 1.21 ha/cow for 6.2 mo. Conversely, hay production of 
first cutting forage from .84 to 1.01 ha of smooth bromegrass-orchardgrass-birdsfoot trefoil 
pasture per cow in the minimal land system in the present study was inadequate to maintain 
cows in the drylot with the exception of yr 2. Though this production was 232 kg DM/cow 
less than was needed for feeding cows, this deficiency was much lower than previous studies 
by Hersom (1999) and Hitz and Russell (1998) from which hay was harvested from .5 and 
.81 ha/cow. In addition, though maintaining stocker cattle required more hay compared to 
feeding cows alone, the amounts of hay needed to maintain cows and stockers in the year-
round grazing system was still lower than maintaining cows in a drylot. Hersom (1999) 
reported an additional 1, 170 kg DM/calf was needed to maintain weaned spring calves in a 
drylot over winter. Grazing stockpiled pasture (Allen et al., 1992a; 2000) or corn crop 
residues (Klopfenstein et al., 1987) has also been used to reduce the amount of stored feeds 
used to maintain growing animals over winter. Furthermore, weaned calves that were 
maintained for use as stockers increased the amount of animal production/cow in the year-
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round grazing system each year. However, because more land was used to stockpiled 
perennial forages for winter, the year-round grazing system had less growing animal 
production per hectare than the minimal land system. Hersom (1999) also observed 55 
kg/ha less growing animal production when grazing stocker cattle with cow-calf pairs at .81 
cow-stocker pairs/ha perennial pasture than a system in which cow-calf pairs grazed at 1.0 
cow/ha without stocker cattle. 
In conclusion, although the amounts of hay needed to maintain cows in the year-
round grazing system for this three year study varied with year, this grazing system provided 
risk management in the summer as extra forage for grazing and greatly reduced the amount 
of hay needed to feed cows and calves over winter compared to feeding hay in the dry lot. 
Inclusion of fall-calving cows and calves in an extended grazing system utilizing cool season 
grass-legume pastures in the upper Midwest is possible to complement forage utilization in 
grazing systems with spring-calving cows. Fall-calving cows were able to regain condition 
during summer and provide a more economical source of stocker calves because they 
required less stored feed after weaning compared to spring calves. Moreover, though 
retaining weaned calves increased the amount of stored feeds needed for winter, grazing 
stocker cattle with cows increased growing animal production per cow. 
Implications 
Extended grazing systems can be used to reduce the amount of stored forages that are 
fed over winter to the beef herd. Adequate body stores built up in the summer season 
allowed fall-calving cows to lose condition while grazing stockpiled forage and nurse calves 
through winter as late as March. Grazing a fall-calving herd in stockpiled cool season grass-
legume pastures over winter reduced the amount of supplemental hay fed to cows by 78% 
65 
over feeding spring-calving cows in a drylot and by 4% over spring-calving cows grazing 
com crop residue pastures and stockpiled forage over winter. Before they were used as 
stockers, spring calves maintained over winter post-weaning required 1.6 times more hay 
than what was fed to fall calves post-weaning. Additionally, calves produced in the fall-
calving herd decreased the time needed to maintain calves over winter before grazing as 
stocker animals the following summer and provided a calf crop for marketing at an alterative 
time of year. 
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Figure 1. Illustration of winter grazing management in the year-round and minimal land 
grazing systems. Solid arrows indicate movement of entire group of cows and/or calves. 
Each pasture within a management system was replicated one time in each year. 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
G
ra
zi
ng
 M
an
ag
em
en
t S
ys
te
m
 --
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
---
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-Y
ea
r-
ro
un
d 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-M
in
im
al
 la
nd
--
--
---
--
--
--
--
--
--
--
--
--
--
--
--
--
--
Sp
rin
g-
ca
lv
in
g 
--
--
--
--
--
--
--
--
--
--
--
--
--
Fa
ll-
ca
lv
in
g-
--
--
--
--
--
--
--
-
--
--
--
--
--
--
--
--
--
Sp
rin
g-
ca
lv
in
g-
--
--
--
--
--
--
--
--
--
6.
1-
ha
 c
or
n 
cr
op
 
re
si
du
e 
pa
st
ur
e 
6 
sp
rin
g-
ca
lv
in
g 
co
w
s 
in
 
m
id
 ge
st
at
io
n 
6.
1-
ha
 st
oc
kp
ile
d 
sm
oo
th
 b
ro
m
eg
ra
ss
-
re
d 
cl
ov
er
 p
as
tu
re
s 
6 
sp
rin
g-
ca
lv
in
g 
co
w
s 
6.
1-
ha
 st
oc
kp
ile
d 
sm
oo
th
 b
ro
m
eg
ra
ss
-
re
d 
cl
ov
er
 p
as
tu
re
 
6 
sp
rin
g-
ca
lv
in
g 
co
w
s 
an
d 
ca
lv
es
 
D
ry
 lo
t 
W
ea
ne
d 
sp
rin
g 
ca
lv
es
 
ba
ck
gr
ou
nd
ed
 
on
 h
ay
 a
nd
 
gr
ai
n 
di
et
 
6.
1-
ha
 s
to
ck
pi
le
d 
ta
ll 
fe
sc
ue
-r
ed
 
cl
ov
er
 p
as
tu
re
 
6 
fa
ll-
ca
lv
in
g 
co
w
s 
an
d 
ca
lv
es
 
an
d 
1 
bu
ll 
6.
1-
ha
 s
to
ck
pi
le
d 
ta
ll 
fe
sc
ue
-r
ed
 
cl
ov
er
 p
as
tu
re
 
6 
fa
ll-
ca
lv
in
g 
co
w
s 
an
d 
ca
lv
es
 
6.
1-
ha
 
st
oc
kp
ile
d 
ta
ll 
fe
sc
ue
-r
ed
 
cl
ov
er
 p
as
tu
re
 
6 
fa
ll-
ca
lv
in
g 
co
w
s 
D
ry
 lo
t 
W
ea
ne
d 
fa
ll 
ca
lv
es
 
ba
ck
gr
ou
nd
ed
 
on
 h
ay
 a
nd
 
gr
ai
n 
di
et
 
8.
1-
ha
 sm
oo
th
 b
ro
m
eg
ra
ss
-o
rc
ha
rd
gr
as
s-
bi
rd
sf
oo
t t
re
fo
il 
pa
st
ur
e 
6 
fa
ll-
ca
lv
in
g 
co
w
s;
 6
 s
pr
in
g-
ca
lv
in
g 
co
w
s 
an
d 
ca
lv
es
 
6 
fa
ll 
st
oc
ke
r c
al
ve
s;
 6
 sp
rin
g 
st
oc
ke
r c
al
ve
s 
0.
12
-h
a 
dr
yl
ot
 
6 
sp
rin
g-
ca
lv
in
g 
co
w
s 
in
 
m
id
ge
st
at
io
n 
• 
0.
24
-h
a 
dr
yl
ot
 fo
r c
al
vi
ng
 
se
as
on
 
6 
sp
rin
g-
ca
lv
in
g 
co
w
s 
an
d 
ca
lv
es
 i 
2.
0 
of
 8
.1
-h
a 
sm
oo
th
 b
ro
m
eg
ra
ss
-
or
ch
ar
dg
ra
ss
-b
ird
sf
oo
t t
re
fo
il 
pa
st
ur
e 
6 
sp
rin
g-
ca
lv
in
g 
co
w
s 
an
d 
ca
lv
es
 
-.
.)
 
U
J 
74 
Figure 2. Illustration of summer grazing management in the year-round and minimal land 
grazing systems. Solid arrows indicate movement of entire group of cows and/or cows. 
Dashed arrows indicate animals remaining on pasture while other groups were moved. Each 
pasture within a management system was replicated one time in each year. 
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Figure 3. Mean body weights of fall-calving cows in the year-round system (n =6) and 
spring-calving cows in either the year-round (n = 6) or minimal land (n = 6) grazing systems 
during the winter and summer grazing seasons over three years. 
Montha Oct Jan Mar Apr May Jun Jul Aug Sept Oct 
SEM 8.7 5.3 4.5 5.8 5.1 5.0 4.2 6.7 4.7 8.3 
a Animal management for months: October, initiation of winter grazing; January, 
spring-calving cows in the year-round grazing system cows taken off com crop 
residue pastures; March, weaning of fall calves; April, termination of winter grazing 
and initiation of summer grazing; May-October, monthly weights taken while grazing 
summer pastures. . 
bcdDifferences between means of cow groups with different superscripts within the 
same month are significant, P < 0.05. 
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Figure 4. Mean body weights of fall-calving cows in the year-round system (n =6) and 
spring-calving cows in either the year-round (n = 6) or minimal land (n = 6) grazing systems 
over three years analyzed by biological production stage of the cow. 
Production stagea MG Pree e Poe PreB B LL w PoW 
SEM 5.9 5.4 4.5 4.7 3.6 6.2 5.6 6.7 8.3 
aProduction stage abbreviations: MG= mid-gestation; Pree =pre-calving; e = 
calving; Poe = post-calving; B = breeding; PoB = post-breeding; LL= late lactation; 
W =weaning; PoW =post-weaning. 
bcDifferences between means of cow groups with different superscripts within the same 
month are significant, P < 0.05. 
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Figure 5. Mean body condition score changes (9-point scale) of fall-calving cows in the 
year-round system (n = 6) and spring-calving cows in either the year-round (n = 6) or 
minimal land (n = 6) grazing systems during the winter and summer grazing seasons over 
three years. 
Month Nov Dec Feb Mar Apr May Jul Aug Sept Oct 
. SEM 0.11 0.09 0.09 0.12 0.11 0.12 0.15 0.17 0.15 0.16 
aNot all months are represented on the figure as production stage comparisons 
were made between cow groups. 
bcDifferences between means of cow groups with different superscripts within 
the same month are significant, P < 0.05. 
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Figure 6. Mean body condition score changes (9-point scale) of fall-calving cows in the 
year-round system (n =6) and spring-calving cows in either the year-round (n = 6) or minimal 
land (n = 6) grazing systems over three years analyzed by biological production stage of the 
cow. 
Production stagea MG Pree e Poe PreB B PoB LL W PoW 
SEM 0.11 0.10 0.09 0.08 0.10 0.13 0.16 0.17 0.19 0.13 
aProduction stage abbreviations: MG= mid-gestation; Pree= pre-calving; e =calving; 
Poe = post-calving; PreB = pre-breeding; B = breeding; PoB = post-breeding; LL= late 
lactation; W =weaning; PoW =post-weaning. 
bcDifferences between means of cow groups with different superscripts within the same 
month are significant, P < 0.05. 
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CHAPTER 4. GRAZING AND FEEDLOT PERFORMANCE OF YEARLING 
STOCKER CATTLE INTEGRATED WITH SPRING- AND FALL-CALVING BEEF 
COWS IN A YEAR-ROUND GRAZING SYSTEM1 
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Abstract 
The effects of calving season and finishing system on forage and concentrate consumption 
and carcass characteristics of calves were compared in a three-year study. Each year, two 
replicates of three growing and finishing systems were compared including: spring calves 
finished on a high-grain diet in a feedlot immediately post-weaning (WF); spring calves 
backgrounded on a hay-com gluten diet over winter for 179 ± 18 d post-weaning, grazed for 
98 ± 9 din cool season grass-legume pastures, and finished on a high grain diet in a feedlot 
(SGF); and fall calves backgrounded on a hay-com gluten feed diet over winter for 69 ± 31 d 
post-weaning, grazed for 98 ± 9 din cool season grass-legume pastures, and finished on a 
high-grain diet in a feedlot (FGF). During the grazing phase, calves in the SGF and FGF 
treatments were stocked with spring-calving cow-calf pairs in front of pregnant fall-calving 
cows at a 1:1:1:1 ratio in a first-last rotational stocking system at a rate of 1.9 standard 
livestock units/ha. As designed, retained calves in the FGF system spent 110 fewer days in 
the drylot during backgrounding compared to retained spring calves in the SGF system (P = 
0.01) which influenced the amount of feeds fed during this time. The amount of hay and 
grain, including commercial starter, fed to retained SGF and FGF calves post-weaning over 
winter was 1,305 and 305; and 126 and 55 kg DM/calf, respectively (P < 0.01; P = 0.28). 
However, at finishing, calves in the FGF system required 80 and 71 kg DM/calf more 
concentrate to finish to a similar body composition than SGF and WF calves, respectively (P 
= 0.02). Average daily gains in the feedlot were greater (P < 0.01) for SGF and FGF calves 
than WF calves all three years. The amount of DM/calf in.the feedlot required to reach an 
equivalent quality grade tended to be similar (P = 0.06) among calf treatments. There were 
no differences (P = 0.69) in carcass quality grades among calves in all groups, but SGF 
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calves had greater (P < 0.01) hot carcass weight and rib eye area measurements at harvest 
than FGF or WF calves. Fall calves in the FGF system were 25 kg lighter than spring calves 
in the WF system at harvest (P = 0.03), however, other than dressing percentage, all other 
carcass characteristics did not differ between these two groups (P ~0.25). 
Key words: Animal Production, Cattle, Finishing Systems, Integrated Systems 
Introduction 
Retention of calves for use as stocker cattle in summer pastures improves profit to the 
beef cow-calf operation by increasing the value of the calves (Allen et al., 1992a). 
Additionally, stocker cattle can effectively increase stocking rates to control excess forage 
growth of cool season forage pastures (Olson et al., 1993; Hersom, 1999) early in the grazing 
season. Because of the growth pattern of cool-season grasses, the majority of BW gains by 
stocker cattle in cool-season pastures occurs by mid-summer (Tucker et al., 1989). Unless 
com crop residues (Fernandez-Rivera and Klopfenstein, 1989a) or other forages are grazed, 
maintaining retained calves over winter requires feeding stored feeds (Allen et al., 1996; 
Hersom, 1999) before animals graze summer pastures. 
Reducing the amount of stored feeds fed to a beef herd increases the profitability of 
the cow-calf operation (Turner, 1974; D'Souza et al., 1990; Adams et al., 1994). Like cows, 
feeding weaned calves stored feeds before grazing would certainly affect their production 
costs. Ridenour et al. (1982) demonstrated that grazing calves before finishing reduced the 
days in the feedlot and increased feed efficiency in the feedlot. In addition, calves finished 
on a high-grain diet after a period of grazing has resulted in compensatory growth (Meyer et 
al., 1965; Horton and Holmes, 1978). Use of these management strategies has potential to 
reduce the amount of concentrate fed during finishing. 
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Evaluation of whole production systems is a need in the beef industry (Adams et al., 
2000), but no work has evaluated total animal production from integrating retained calves 
from both spring and fall calf crops with the beef cow-calf herd. The objectives of this 
experiment were to compare stored feed consumption, BW gains, and carcass characteristics 
of spring and fall calves managed with winter backgrounding in a drylot and summer grazing 
before finishing in a feedlot to spring calves finished immediately post-weaning. 
Materials and Methods 
Finishing Systems 
A 3-yr study was conducted at the McNay Research and Demonstration Farm near 
Chariton, IA, using three replicated growing and finishing systems to compare the effects of 
calving season and production system on the amount of forage and concentrate consumed by 
calves to reach an equivalent carcass quality grade and on the carcass characteristics of 
finished cattle (Figure 1). With the exception of calves used in yr 1, calves in this project 
were produced by cows managed in one of two forage management systems described in 
Janovick (2002). In both forage management systems, all bull calves were castrated within 3 
d of birth and all calves were vaccinated at weaning. Calves produced from each of the 
systems in Janovick (2002) were retained in their respective system through finishing. 
Therefore, calves were assigned to treatment groups in the present study based on the calving 
season in which they were born. On November 11, 1998 (yr 1), October 28, 1999 (yr 2) and 
October 17, 2000 (yr 3), 12 Angus-sired crossbred spring calves (mean BW 227 ± 9.9, 248 ± 
3.5, and 236 ± 10.4 kg; mean age 5.3 ± 0.7, 6.1±0.4, and 6.4 ± 0.4 mo in yr 1, 2, and 3, 
respectively) were weaned and assigned to one of two pens in a feedlot (wean-finish system; 
WF). Simultaneously, a second group of 12 Angus-sired crossbred spring calves (mean BW 
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219 ± 16.3, 250 ± 12.0, and 234 ± 18.0 kg; mean age 5.3 ± 0.5, 6.3 ± 0.05, and 6.7 ± 0.2 mo, 
yr 1, 2, and 3, respectively) were weaned and assigned to one drylot (spring-background-
graze-finish systems; SGF). Calves in the WF system were fed a high grain diet (Table 1) at 
an ad libitum level until harvest when approximately 50% of the cattle were estimated to 
achieve a quality grade of low choice. Calves in the SGF were fed endophyte-free tall 
fescue-red clover or smooth bromegrass-red clover hay as large round bales at an ad libitum 
level with pelleted com gluten feed or com grain to achieve a rate to gain approximately 0.2 
kg/d. Simultaneously to assignment of spring calves to the feedlot pens and drylot, 12 fall 
Angus-sired crossbred calves grazed with cows in replicated 6.1-ha stockpiled tall fescue-red 
clover pastures and were weaned, (dependent upon cow condition score), on March 2, March 
3, and January 17 in yr 1, 2, and 3 (Janovick, 2002). In yr 1, fall calves entered the project at 
approximately two months of age, but because of lack of birth records, variability in age at 
weaning could not be determined. At weaning, fall calves (mean BW 189 ± 5.7, 213 ± 14.1, 
and 187 ± 26.1 kg; mean age, approximately 5.6, 6.1±0.5, and 4.4 ± 0.2 mo in yr 1, 2, and 
3, respectively) were placed in one drylot (FGF) and fed endophyte-free tall fescue-red 
clover or smooth bromegrass-red clover hay as large round bales at an ad libitum level and 
com gluten feed to gain approximately 0.2 kg/d until the initiation of summer grazing. 
At the initiation of summer grazing on April 22, April 26, and May 2 in yr 1, 2, and 3, 
the 24 backgrounded calves from the SGF (mean BW, 303 ± 6.2, 334 ± 3.9, and 318 ± 9.3 kg 
in yr 1, 2, and 3, respectively) and FGF (mean BW, 229 ± 0.2, 250 ± 2.7, and 223 ± 14.0 kg 
in yr 1, 2, and 3, respectively) systems were assigned by calving season to one of two 8.1-ha 
smooth bromegrass (Bromus inermis var. Barton)-orchardgrass (Dactylis glomerata var. 
Napier)-birdsfoot trefoil (Lotus corniculatus var. Noreen) pastures to graze as stocker cattle 
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(6 fall and 6 spring calves per pasture) for an average of 98 ± 9 d. Stocker cattle were 
rotationally stocked in paddocks with six spring-calving Angus-sired crossbred cow-calf 
pairs at 1.9 standard livestock units (slu)/ha, assuming that one slu equals 1 nonlactating 500 
kg cow (Minson and Whiteman, 1989) to a grazing efficiency of approximately 33% based 
on the forage mass estimated with a falling plate meter (4.8 kg/m2) and estimated DMI of 
3.5% BW per cow-calf pair and 3% BW per stocker (Hermann et al., 2001). Six gestating 
fall-calving Angus x Jersey x Simmental cows were stocked in paddocks following 
movement of spring-calving cows and calves and stockers to the next paddock in a first-last 
stocking system with a total stocking rate of 2.68 slu/ha and an estimated total grazing 
efficiency of 50% assuming a DMI of 2.5% BW. On June 17, June 21, and June 18 in yr 1, 
2, and 3, the spring-calving cow-calf pairs and fall-calving cows were moved to graze other 
pastures during the breeding season for the spring-calving cows (Janovick et al. 2002). 
Stocker cattle remained in the smooth bromegrass-orchardgrass-birdsfoot trefoil pastures to 
graze by rotational stocking at 1.03 slu/ha to an estimated grazing efficiency of 50% until 
August 5, August 2, and July 30 in yr 1, 2, and 3. After grazing, stocker animals from the 
SGF and FGF systems were removed from the pasture, separated by age and placed in 
replicated pens in a feedlot for finishing on a high grain diet (Table 1) until a minimum of 
50% of the cattle in an age group were visually estimated to have achieved a carcass quality 
grade of low choice. Complete details of summer pasture and stocking management have 
been discussed in Janovick (2002). Hay fed to weaned calves during the backgrounding 
period was harvested from the summer grazing systems (Janovick, 2002). Feedlot diets were 
kept as similar as possible between groups of calves and over the 3-yr period. But because of 
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differences in feed availability resulting from limited feed storage capacity at the research 
farm, ingredients were not identical between seasons or years. 
Measurements 
Calves in all systems were sequentially implanted with Synovex® and Revalor® ear 
implants. Wean-finish calves were implanted at weaning, then after 100 din the feedlot. 
Spring-graze-finish calves were implanted as they were put into pastures, then as they were 
put into the feedlot. Fall-graze-finish calves were implanted in June while on pasture, then 
after 60 d in the feedlot. During backgrounding in the dry lot, grazing of summer pastures, or 
finishing in the feedlot, calves were weighed monthly without fasting. In the drylot, hay 
bales and supplement were weighed at the time of feeding to determine the amount of DM 
consumed. No adjustment for wasted hay was made. While in the feedlot, feed offered and 
feed refused was recorded to determine the amount of feed consumed. Feedlot rations were 
offered as a total mixed ration and mixed and then delivered to bunks with a mixer wagon. 
When it was estimated by visual assessment that a minimum of 50% of an age group within a 
system had reached a USDA quality grade of low choice, all cattle for this treatment group 
were harvested at a commercial packing plant. Carcass weight was measured, ribeye area 
and backfat thickness were measured by tracing a ribbed section onto acetate paper, and 
marbling score, quality grade, and yield grade were estimated by a USDA meat grader. In yr 
1, ribeye area and backfat thickness data were not available for the WF calves. Feed 
efficiencies were calculated by dividing the total amount of BW gain for a finishing period(s) 
by the total DM or concentrate consumed for that period. The study was reviewed and 
approved by the Institutional Animal Care and Use Committee at Iowa State University. 
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Statistical Analyses 
The length of the backgrounding, grazing and finishing phases for calves in the WO, 
SOF, and FOF treatments were analyzed as a randomized design by the OLM procedure 
(SAS Inst. Inc., Cary, NC), with each replicate of cattle in an age group used as the 
experimental unit. However, in the SFO and FOF groups, calves each group were moved 
through the backgrounding and pasture phases of finishing on the same dates, therefore, for 
these analyses, years were used as replicates and no interac!ion between group treatment and 
year could be tested. Body weight gains during all phases, forage and concentrate consumed 
during the backgrounding and finishing phases and carcass characteristics were analyzed 
using the OLM procedure as a randomized design with group and year as main effects and 
the two-way interaction of group and year within each replicate within an age group as the 
experimental unit. Linear contrasts were made for preplanned comparisons, which were the 
estimated differences between the fall calves in the FOF system versus spring calves in the 
SOF system, fall calves in the FOF system versus spring calves in the WF system, and spring 
calves in the SOF versus spring calves in the WF system. Significance for all tests for 
differences among means was declared at a probability of less than 0.05. 
Results 
Because calves in the FGF and SGF systems were used as stocker animals in summer 
pastures in the grazing season following their birth, they were retained 137 and 208 d longer 
than calves from the WF system, respectively (P < 0.01; Table 2), from the time of weaning 
to the time of carcass harvest. As designed, the FOF and SOF groups grazed the same 
number of days each season on pasture before finishing. Because calves in the WF system 
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were finished immediately after weaning, the total days to feed and days in. the feedlot were 
synonymous. Calves in the FGF group were maintained for an average of 110 fewer days in 
the drylot over winter than SGF calves (P < 0.01), but required 38 more days to reach a 
similar carcass quality grade during the finishing stage in the feedlot (P = 0.02). 
The mean amount of hay fed to spring calves in the SGF system during 
backgrounding was nearly 1000 kg DM/calf greater than the fall calves, but the amounts of 
concentrate fed to calves in these systems did not differ (P = 0.28; Table 2). The amounts of 
hay fed during backgrounding to calves in the FGF and SGF systems were 492 and 1,542 kg 
DM/calf in yr 3 compared to 173 and 1,243 kg DM/calf in yr 1 and 249 and 1, 128 kg 
DM/calf in yr 2. Though year effects could not be tested for these data because calves were 
fed in the same drylot, the difference observed in amounts of hay fed among years was most 
likely a result of colder weather conditions and greater snowfall and ice cover which required 
that fall calves be weaned 43 d earlier in yr 3 compared to either yr 1 or 2. 
Total amount of DM fed in the feedlot to calves in the SGF and WF system did not 
differ (P = 0.29), whereas calves in the FGF system required 92 and 126 kg DM/calf more 
than calves in the SGF and WF systems, respectively (P < 0.01). Similarly, although there 
were no differences in the amounts of concentrate DM fed per calf during the feedlot phase 
between spring calves in the WF and SGF systems, the amounts of concentrate DM fed to 
fall calves in the FGF system were greater (P < 0.01) than spring calves in either the WF or 
SGF systems. Year and a year by system interaction affected the amounts of forage and 
concentrate fed during the feedlot phase (P < 0.01; P < 0.01). Mean amounts of concentrate 
(1,470 kg DM/calf) and forage (379 kg DM/calf) fed in yr 3 were greater than amounts fed 
in yr 1 (1,327 and 263 kg DM/calf) and yr 2 (1,397 and 295 kg DM/calf). In yr 3, WF calves 
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required more forage and concentrate than FGF calves (P < 0.01; P = 0.01), and SGF calves 
(P< 0.01; P < 0.01). 
Because of the amount of hay needed during the drylot phase, calves in the SGF 
group required 987 and 1,347 kg DM/calf more total forage (P < 0.01) than calves in the 
FGF and WF systems over all feeding phases to reach a similar quality grade at carcass 
harvest. Year affected the total amount of forage fed to all calves (P < 0.01) and tended to 
affect the total amount of concentrate fed (P = 0.06). More concentrate (1,542 kg DM/calf) 
and forage (1,057 kg DM/calf) was fed in :yr 3 than in yr 1 (1,03 and 735 kg DM/calf) or yr 2 
(1,428 and 754 kg DM/calf). In yr 1, SGF and FGF calves required 312 and 582 kg DM/calf 
more concentrate compared to the WF group (P < 0.01). However, the total amount of 
concentrate DM required to finish calves over all phases did not differ between SGF and WF 
groups (Sys x Yr, P.:::; 0.01). 
Compared to spring calves in the SGF system, fall calves in the FGF system had 
greater (P < 0.01) daily BW gains in the drylot over winter, but lower (P = 0.02) daily BW 
gains while grazing smooth bromegrass-orchardgrass-birdsfoot trefoil pastures during the 
summer (Table 3). Average daily BW gains during the feedlot phase for fall and spring 
calves that were backgrounded during the winter and grazed during the summer were greater 
(P < 0.01) than calves in the WF system. Whereas feeding of hay and concentrate were 
designed to yield daily BW gains of 0.2 kg/d during the drylot phase, gains of calves in the 
FGF and SGF system were 3.5 and 2 times greater than experimentally designed. Total BW 
gains of fall calves in the FGF system were lower than spring calves in the SGF system 
during the backgrounding (P < 0.01) and grazing (P < 0.07) phases, respectively. Total BW 
gained while in the drylot for FGF and SGF calves were 40 and 50; 38 and 97; and 56 and 64 
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kg in yr 1, 2, and 3, respectively (Yr, P < 0.01). Subsequent total BW gains while on pasture 
for FGF and SGF calves were 71 and 62; 59 and 78; and 36 and 52 kg in yr 1, 2, and 3, · 
respectively (Yr, P < 0.01). In spite of the difference in daily BW gains, mean total BW 
gained in the feedlot did not differ between FGF and WF calves (P = 0.09). However, in yr 1 
and 2, fall calves in the FGF system required more total weight gain in the feedlot to reach a 
similar finishing condition than spring calves in the SGF and WF systems (Sys x Yr, P < 
0.01). 
The average age and BW at the initiation of the finishing period for each group of 
calves was 286, 380, and 250 kg (SE= 3.6) and 11.8, 16.4 and 6.1 mo (SE= 0.21) for calves 
in the FGF, SGF and WF systems, respectively. Over the 3 yr, the amounts of BW gain per 
unit of total feed during finishing in the feedlot for fall calves in the FGF system and spring 
calves in the WF system were greater (P < 0.05) than spring calves in the SGF system (Table 
4). In yr 1, no difference in total BW gain per unit of feed fed was observed among calf 
groups (P = 0.67). In yr 1 and 3, no difference in the amount of concentrate fed per unit of 
gain was observed among all groups of calves (P = 0.58; P = 0.21), and in yr 2, efficiency for 
the SGF calves was 0.06 units less than that of either FGF or WF calves (P = 0.03). No year 
or year by system interactions were observed for feed efficiency expressed either as total DM 
or total concentrate consumed (P ~ 0.09). Over all finishing phases, both FGF and SGF 
calves used total concentrate fed more efficiently for gain compared to the WF group (P < 
0.01). These efficiencies were poorest for all groups of calves in yr 3 and may have been a 
result of colder winter temperatures during finishing (Year, P < 0.01). Calves in the SGF 
system used total DM fed most efficiently for gain compared to either FGF or WF calves (P 
< 0.01). Except for yr 2, FGF calves were more efficient in use of concentrates compared to 
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SGF or WF calves (P < 0.05). Calves in the WF system had lower efficiency of concentrate 
use in all three years of the trial. 
As designed, the percentage of calves achieving a quality grade of low choice or 
above did not differ between systems (Table 5). Spring and fall calves in the SGF and FGF 
systems, respectively, had greater (P < 0.05) live and hot carcass weights at harvest than 
spring calves in the WF system. Similarly, live and hot carcass weights at harvest were 
greater (P < 0.05) in spring calves in the SGF than fall calves in the FGF system. Although 
dressing percentages of fall calves in the FGF system were lower (P < 0.03) than spring 
calves in the'WF or SGF systems, percent retail product did not differ (P = 0.58) between 
systems. Spring calves in the SGF system had greater (P < 0.01) ribeye areas than fall calves 
in the FGF or spring calves in the WF systems in the two years that could be compared. 
However, backfat thickness, marbling score, and yield grade did not differ between systems. 
Discussion 
Retaining calves after weaning has the advantage that no stocker animals need be 
purchased for the following grazing season (Allen et al., 1992a) reducing the costs and 
increasing annual beef production (Allen et al., 2000). In addition, because the price of beef 
at the time of carcass harvest is seasonal (May et al., 1999), harvest of finished calves would 
likely occur at a different time of season than if calves are finished immediately after 
weaning. Furthermore, the inclusion of stocker animals into the grazing system used in this 
study increased the annual beef production per cow by 27 kg/cow during grazing compared 
to a system in which cow-calf pairs grazed without stocker cattle (Janovick, 2002). Previous 
studies have also increased annual beef production by 76 kg/cow (Hersom, 1999) and 37 
kg/animal (Lewis et al., 1990b) compared to finishing calves immediately post-weaning. 
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Improved feed efficiency observed during compensatory growth in the feedlot 
following grazing (Meyer et al., 1965; Horton and Holmes, 1978) also has potential to reduce 
the amount of concentrates that are fed during finishing. Determination of the optimum use 
of grazing in the growing phase of the ruminant animal further improves feed efficiency in 
the feedlot (Ridenour et al., 1982). In the present study, the amount of hay fed to fall calves 
was less than that fed to spring calves because the weaning date was delayed until late 
winter. However, 5.3 and 8.0 kg of DM per calf per day were fed as hay and concentrate to 
fall and spring calves post-weaning over winter and resulted in BW gains that were 2 to 3.5 
times greater than the 0.2 kg/d as designed. This considered, less stored feed was likely 
needed than was used for feeding the calves during backgrounding. In a previous study, 
spring calves were weaned and maintained for 188 dover winter at an ADG of .19 kg/d 
before grazing in pastures (Hersom, 1999). These calves were fed 6.2 kg DM per calf per 
day and required 316 kg concentrate DM per calf less than the present study to reach desired 
carcass characteristics. There are other feeding strategies that can be employed to further 
reduce the amount of hay fed. Over-wintering stockers on stockpiled tall fescue and grazing 
in summer before finishing reduced the number of days that hay was fed over winter by over 
50% and reduced the amount of hay fed by 1,184 kg/system (Allen et al., 2000). Grazing 
calves on com crop residues has also been an effective way to maintain stocker animals over 
winter (Klopfenstein et al., 1987; Lewis et al., 1990a; Lewis et al., 1990b). 
Lewis et al., (1990) observed that BW gains during winter above 0.28 kg/d reduced 
pasture gains by 81g for each 100-g increase in winter daily gain. Daily BW gains of calves 
in the FGF and SGF system in the present study on pasture and in the feedlot were inversely 
related to gains in the drylot. Previous studies support that the compensatory gain in the 
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feedlot was inversely related to the gain in periods preceding it (Lewis et al., 1990a; Baker et 
al., 1992; Allen et al, 1996; Hersom, 1999). Though spring calves in the SGF system had 
greater ADG in the feedlot than spring calves in the WF system, they were less efficient at 
utilizing feed for gain than either spring calves in the WF system or fall calves in the FGF 
system. This reduced feed efficiency was likely caused by their greater BW at the initiation 
of finishing which increased the proportion of energy used for maintenance (Lewis et al., 
1990a). Ridenour et al. (1982) estimated that the amount of concentrates fed to cattle during 
finishing could be reduced by grazing if cattle reached no more than 50% of their final BW 
on pasture because of increased feed efficiency at lower BW. In the present study, calves in 
the FGF and WF systems had reached 50 and 49% of their final weights at the initiation of 
finishing. However, calves in the SGF system had reached 62% of their final weight at the 
time that finishing was initiated, which may further explain the decrease in feed efficiency 
observed in the feedlot for calves in this system. 
Forage allowance has also affected daily BW gains of growing animals grazing 
pastures. Marsh et al. (1979) observed that available forage allowances less than 10 kg/100 
kg animal caused a decrease in growing animal performance. In contrast, NRC (1996) 
suggested that 5 kg forage/100 kg BW was the level at which forage availability became 
limiting to intake and could be expected to affect animal performance. In the present study, 
forage allowances were 7 to 10 kg DM/100 kg animal which may have limited forage intake 
and daily gain. 
In conclusion, the length of time calves are maintained after weaning directly affected 
the amount of stored feed required to maintain them in this and other studies. A higher than 
desired daily weight gain during the winter period before grazing likely resulted in lower 
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gains on pasture and therefore, less gain over winter may have resulted in less stored feed fed 
as well as potentially better gains on pasture. Compensatory gain during finishing for spring 
and fall calves that were grazed before finishing was not readily evident in this study, though 
fall calves in the FGF system were more efficient at using feed resources compared to calves 
in the SGF and WF systems. In this study, BW at finishing seemed to influence the 
efficiency attained in the feedlot. Spring calves in the SGF system weighed more than either 
FGF or WF calves at initiation of finishing and experienced lower feed efficiency during 
finishing. As a result of the excessive amounts of hay fed and higher ADO than desired 
during the drylot phase and greater amount of grain fed during finishing, there was no 
reduction in the amount of feed required to finish calves in the FGF or SGF systems 
compared to the WF system. 
Implications 
Retention of fall or spring calf crops post-weaning provided an alternative to the sale 
of calves after weaning and eliminated the need to purchase animals in the spring. Weaned 
calves gained more body weight in the drylot than was designed, which most probably 
affected pasture gain and feedlot performance. This weight gain over winter also likely 
increased the total amount of stored feed needed over the entire finishing process. Compared 
to retained spring calves, fall calves were maintained fewer days in the drylot before grazing 
and entered the feedlot at weights similar to spring calves finished immediately after 
weaning. Therefore, retaining fall calves after weaning compared to spring calves resulted in 
source of stocker animals that used less stored feed over winter. Systems used to finish 
calves in this study resulted in carcasses of similar quality at harvest, regardless of whether 
finishing included a period of grazing, or if finishing began immediately after weaning. 
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Table 1. Composition of diets fed to animals in the feedlot each year. 
Year/feed ino-redientb 
2 
3 
Corn grain 
Commercial protein mixc 
Soybean meal 
Com gluten feed 
Alfalfa haylage 
Com silage 
Limestone 
Rumensind 
MGAe 
Bovatecr 
Com grain 
Commercial protein mix 
Soybean meal 
Urea 
Com gluten feed 
Alfalfa haylage 
Limestone 
Rumensin 
MGA 
Com grain 
Commercial protein mix 
Corn gluten feed 
Alfalfa haylage 
Limestone 
Rumensin 
MGA 
Calf group" 
WF SGF FGF 
--------------- % of total DM --------------
73 .2 71.3 71.4 
10.l 4.2 6.8 
10.8 
3.0 
0.1 
1.4 
1.6 
74.5 
0.1 
4.6 
0.4 
1.8 
17.1 
0.7 
0.9 
72.9 
6.6 
0.1 
17.9 
0.1 
1.9 
0.6 
0.1 0.1 
2.3 1.4 
5.7 8.8 
15.l 9.6 
0.3 0.2 
0.5 1.0 
0.4 0.8 
64.3 66.9 
6.5 6.4 
0.1 0.1 
26.3 23.4 
0.6 0.4 
1.1 1.3 
0.1 0.1 
73.6 74.1 
5.1 5.0 
18.8 18.5 
0.2 0.2 
1.1 1.1 
1.2 1.3 
"Calf group abbreviations used in this table and others: WF =wean-finish system; SGF =spring-
wean-graze-finish system; and FGF =fall-wean-graze-finish system. 
bDiets for all groups formulated to contain NEg concentration of 1.36 ± 0.033 Meal/kg. 
ccommercial protein mix composition: 
Cail group 
WF SGF FGF 
Y<ar lngr~c:nt ------~------ % of mix --------------
Llrid 0 Lake." stei Grower 3SN 0.8 
Land O'Lakes Bt:ef Mix 0.7 0.2 
Land O' La.kt::> Bt:c:f Fmishd" 40-20 ", 54.6 20.2 
Silver Moon Fc:c:ds Cattle: 40 ANT Pellets 0.7 2.7 
Silver Moon Feeds 41 % Catt.It: Pt:JleL-. 76.9 44.0 76.9 
Land O' Lakes &t:f Fm1sht:r 40<!0 0.1 
Silver Moon Feeds Cattle: 40 ANT PdleL-. 84.5 88.5 
Silver Moon Fc:c:ds 41% Catt.le Pellets 15.S 11.5 
Land O'Lakes Bc:t:f Grower 38N 32.6 26.6 25.9 
Silver Moon Feeds Cattle: 40 ANT Pellets 67.4 73.4 74.l 
3Silver Moon Feeds Rumensin premix, Monensin 0.05 g/kg. 
~and O'Lakes Beef Mix H 1.0, Melengestrol Acetate 0.00022%. 
rLand O'Lakes Future Cow Starter Bov, Lasalocid 0.02 g/kg. 
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Figure 1. Illustration of calf and stocker management in the wean-finish (WF), spring-wean 
graze-finish (SGF), and fall-wean-graze-finish (FGF) systems. 
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CHAPTER 5. MASS AND NUTRITIVE VALUE OF FORAGES IN DIFFERENT 
YEAR-ROUND MANAGEMENT SYSTEMS 
A paper to be submitted to the Agronomy Journal. 
Nicole A. Janovick, James R. Russell*, Stephen K. Barnhart, Daryl R. Strohbehn, and Daniel 
G. Morrical 
N. A. Janovick, Dep. of Animal Sciences, Univ. of Illinois, Urbana-Champaign, IL 61801; 
J.R. Russell, D.R. Strohbehn, and D.G. Morrical, Dep. Of Animal Science, Iowa State Univ., 
Ames, IA 50011; S.K. Barnhart, Dept. of Agronomy, Iowa State Univ., Ames, IA 50011. 
Journal paper no. _____ of the Iowa Agric. and Home Econ. Exp. Sta., Ames, Project 
no. 3810 and supported by Hatch Act and State of Iowa funds. The project was funded, in 
part, by a grant from the Leopold Center for Sustainable Agriculture, Iowa State Univ., 
Ames. Received ________ _ 
*Corresponding author (jrussell@iastate.edu). 
Abbreviations: 
ML, minimal land grazing system; YR, year-round grazing system; CP, crude protein; 
IVDMD, In Vitro dry matter disappearance; IVOMD, In Vitro organic matter disappearance, 
DM, dry matter; BW, body weight; OM, organic matter; NDF, neutral detergent fiber; ADF, 
acid detergent fiber; ADIN, acid detergent insoluble nitrogen. 
110 
Abstract 
A 3-yr field experiment was conducted to determine the effect of different forage 
management systems on the mass and nutritive value of stored and pasture forage over winter 
and summer. Two management systems were applied to replicated smooth bromegrass 
(Bromus inermis cv. Barton)-orchardgrass (Dactylis glomerata cv. Napier)-birdsfoot trefoil 
(Lotus corniculatus cv. Noreen) pastures: (i) 25 to 38% of the total area was rotationally 
stocked at 3.8 standard livestock units (SLU) ha-I for 54 ± 5 d and the remaining area 
harvested as first-cutting hay; then land harvested for hay was incorporated into the rotational 
stocking system after 19 ± 10 d of regrowth and stocked at 1.1 SLU ha-I for 126 ± 22 d 
(minimal land system; ML); or (ii) the entire area was rotationally stocked at 2.7 SLU ha-I 
for 54 ± 5 d, 1.0 SLU ha-I for 54 ± 6 d and 2.0 SLU ha-I for 82 ± 12 d (year-round system; 
YR). The YR system also included a winter grazing component. Replicated endophyte-free 
tall fescue (Festuca arundinacea Schreb. cv. Johnstone)-red clover (Trifolium pratense cv. 
Arlington) and smooth bromegrass-red clover pastures were harvested as first-cutting hay, 
strip-grazed in mid-summer at 1.6 and 1.1 SLU ha-1, respectively for 45 ± 6 d, allowed to 
stockpile for 82 ± 12 d, and strip-grazed over winter at 1.2 and 1.1 SLU ha-I for 180±18 d 
and 101±19 d, respectively. Over the summer, mass or concentrations of crude protein (CP) 
or in vitro dry matter disappearance (IVDMD) of the forage in smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures were similar in the ML and YR grazing systems. 
Concentration of CP and IVOMD were similar in stockpiled tall fescue-red clover and 
smooth bromegrass-red clover pastures at the initiation of winter grazing. Forage 
management in the YR grazing system produced 1.4 Mg DM cow-1 more perennial forage as 
hay and stockpiled forage for winter than the hay harvest in the ML system. 
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Introduction 
Optimizing animal production from summer pastures and minimizing amounts of 
stored feeds fed to beef cattle during winter is necessary to maximize profitability of beef 
cow-calf production management systems (D'Souza et al., 1990; Strohbehn, 1990). In the 
upper Midwest United States, the grazing season has been extended by grazing com (Zea 
mays) crop residues (Ward, 1978; Klopfenstein et al., 1987; Russell et al., 1993) or 
stockpiled perennial forages (Hitz and Russell, 1998; Hersom, 1999) to reduce the amount of 
hay fed over winter. More pastureland is necessary in systems utilizing stockpiled forages 
(Hersom, 1999; Hitz and Russell, 1998). However, because of the growth pattern of cool-
season grasses, there is a need to manage excess forage growth that occurs in May and June. 
Therefore, systems integrating cow-calf and stockers (Allen et al., 1992a; 1992b; 2000) as 
well as hay harvest (Prigge et al., 1999), have been developed to manage this excess forage 
while matching animal and forage needs to decrease beef production costs (Adams et al., 
1996). However, increased (Fribourg and Loveland, 1978; Prigge et al., 1999) and decreased 
(Fribourg and Bell, 1984; Hitz and Russell, 1998) pasture DM mass in years subsequent to 
stockpiled grazing have been observed. Therefore, the effects of extended grazing seasons 
on forage production and nutritive value after multiple grazing seasons have not been 
consistently characterized. Additionally, previous extended grazing studies have reported 
either a surplus (Allen et al., 1992b; Hitz and Russell, 1998; Hersom, 1999) or deficiency 
(Bagley et al., 1987b; Allen et al., 2000) in the amounts of hay production needed to meet 
supplemental hay needs depending upon winter animal management. 
The objectives of this experiment were to: compare the mass and composition of 
forages in a conventional forage management system utilizing summer rotational stocking 
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and winter hay feeding to a year-round grazing system utilizing summer rotational stocking 
and winter grazing of corn crop residues and stockpiled cool season-grass-legume pastures at 
stocking rates estimated to equalize the amounts of hay harvested during summer and fed 
during winter. 
Materials and Methods 
Pastures 
A 3-yr grazing experiment was conducted to compare the mass and nutritional 
characteristics of forages in established pastures used in either a conventional (minimal land) 
or year-round grazing system. The study used two 6.1-ha smooth bromegrass (Bromus 
inermis (L.) cv. Barton)-red clover (Trifolium pratens (L.) cv. Arlington) pastures, two 6.1-ha 
endophyte-free tall fescue (Festuca arundinacea (L.) cv. Johnstone)-red clover pastures, four 
8.1-ha smooth bromegrass-orchardgrass (Dactylis glomerata (L.) cv. Napier)-birdsfoot trefoil 
(Lotus corniculatus (L.) cv. Noreen) pastures and two 6.1-ha corn (Zea mays L.) crop residue 
fields located at the McNay Research and Demonstration Farm near Chariton, IA (41°N, 
93°W). These pastures had been established in 1988 through 1991 and were used in grazing 
experiments prior to the present experiment (Hitz and Russell, 1998; Hersom, 1999). Soil in 
these pastures was primarily a Grundy silty clay loam (mollisols, udolls, arguidolls, aquertic, 
fine, smectitic, mesic) with 2 to 7% slopes. 
In the summer preceding the experiment and each summer during the experiment, 
soils were sampled in each pasture, analyzed for P and K by the Iowa State University Soil 
and Plant Analysis Laboratory, and fertilized with P and K according to recommendations. 
Nitrogen was applied as ammonium nitrate to the tall fescue-red clover and smooth 
bromegrass-red clover pastures at a rate of 35.6 kg ha-1 prior to the initiation of stockpiling 
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for winter grazing in early August after the removal of cows and calves from these pastures 
(Janovick, 2002). In late February each year, red clover was broadcast-seeded at a rate of 3.6 
kg ha-1 onto the tall fescue-red clover and smooth bromegrass-red clover pastures to maintain 
the population of this legume. 
Weather 
Mean monthly temperatures during winter in the 3-yr experiment were near the 30-yr 
average in yr 1, 2.2°C warmer than average in yr 2, and 3.4°C below average for yr 3 
(NOAA, 1998; NOAA, 1999; NOAA, 2000). Mean monthly temperatures during the 
summer grazing season were similar to the 30-yr average for the area in all three years 
(NOAA, 1999; NOAA, 2000; NOAA, 2001). Total snowfall over winter was near average in 
yr 1, 2.3 cm below average in yr 2, and 35.9 cm above average in yr 3. In yr 3, the number 
of days with~ 2.54 cm of snowcover on the ground was 13 d longer than the 30-yr average 
from December through March. This cover was 12 and 16 d longer than yr 1or2, 
respectively. Over summer, total monthly precipitation was 3.8 and 4.2 cm greater than the 
30-yr average in yr 1 and 3, and .6 cm less than average in yr 2 for the months of April 
through June. During stockpiling of winter pastures in August and September, mean 
monthly precipitation was 2.7 and 1.9 cm below average in yr 1and2, and .2 cm above 
average in yr 3. 
Hay Harvest 
On June 22, 1998 in the summer preceding the experiment, and on May 24, 1999 (yr 
1), May 28, 2000 (yr 2), and June 12, 2001 (yr 3), first-cutting hay was harvested from 2.0, 
6.1, 5.0, and 6.1 ha of the smooth bromegrass-orchardgrass-birdsfoot trefoil pastures 
assigned to the minimal land system (Figure 1). Simultaneous to hay harvest in the minimal 
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land system, first-cutting hay was harvested for the year-round system from 6.1, 6.1, 4.6, and 
6.1 ha in the summer preceding the experiment, yr 1, 2, and 3, respectively, in smooth 
bromegrass-red clover and endophyte-free tall fescue-red clover pastures as affected by 
weather condition and stocking management. In all years, the area of land harvested as hay 
was dependant on available forage mass in pastures. All hay was harvested as large round 
bales and stored uncovered outside on the ground. 
Winter Management 
On November 11, October 28 and October 17 of yr 1, 2 and 3, six spring-calving 
Angus x Jersey x Simmental cows in midgestation (mean BW 529 ± 4.7, 559 ± 27.2, 584 ± 
13.2 kg; mean body condition score 5.6 ± 0.07, 5.2 ± 0.55, and 5.0 ± 0 on a 9-point scale, 
Neumann and Lusby, 1986, in yr 1, 2, and 3) were allotted to replicated .12-ha drylots in the 
minimal land system (Figure 2). These cows were fed smooth bromegrass-orchardgrass-
birdsfoot trefoil hay as necessary to maintain a body condition score of 5 for 180 ± 18 d 
(Janovick, 2002). Simultaneous to initiation of hay feeding in the drylot, smooth 
bromegrass-red clover and tall fescue-red clover pastures in the year-round grazing system 
were divided into four equal paddocks with electric fencing. In addition, replicated 6.1-ha 
com crop residue fields were divided into four equal strips with electric fence in the year-
round grazing system. To initiate winter grazing in the year-round grazing system, com crop 
residue fields were stocked with six gestating spring-calving Angus x Jersey x Simmental 
cows (mean BW 526 ± 12.5, 534 ± 37.6, and 582 ± 9.3 kg; mean body condition score, 5.1 ± 
0.86, 4.9 ± 0.12, and 4.9 ± 0.28 in yr 1, 2, and 3). Simultaneously, tall fescue-red clover 
pastures were stocked with six fall-calving Angus x Jersey x Simmental cows (mean BW 551 
± 7.1, 561±3.5, and 599 ± 21.4 kg; mean body condition score, 6.4 ± 0.23, 5.8 ± 0.08, and 
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5.2 ± 0.23 in yr 1, 2, and 3) with calves (mean BW 97.2 ± 7.8, 105±11.8, and 88.6 ± 5.6 kg 
in yr 1, 2, and 3). Strips in the corn residue fields and tall fescue-red clover pastures were 
opened at 2 and 3 wk intervals, respectively, to allow cows to have access to the combined 
area of the strips. One bull was added to each tall fescue-red clover pasture on November 13, 
November 11, and November 15 in yr 1, 2, and 3 to initiate a 45-d breeding season for fall-
calving cows. After 78 ± 15 d of grazing corn crop residues, spring-calving cows were 
moved to smooth bromegrass-red clover pastures to strip-graze for 101±19 d. Fall calves 
were weaned on March 2, March 3, and January 17 in yr 1, 2, and 3 (Janovick, 2002). Hay 
harvested from the smooth bromegrass-red clover and tall fescue-red clover pastures in the 
previous summer was fed as a supplement to grazing during times of limited forage 
availability to maintain mean body condition scores of spring- and fall-calving cows at 5 and 
3, respectively, on a 9-point scale. 
Summer Management 
Grazing in both systems was initiated on April 22, April 26, and May 2 in yr 1, 2, and 
3, as determined by mean sward heights. These initial heights, determined with a falling 
plate meter (4.8 kg m-2; Herman et al., 2001), were 7.3 ± 0.6, 10.3 ± 1.1, and 9.8 ± 2.2 cm in 
the smooth bromegrass-orchardgrass-birdsfoot trefoil pastures. In the minimal land system, 
2.0 ha of each pasture was divided into four paddocks and stocked with six Angus x Jersey x 
Simmental cows (mean BW 522 ± 17.7, 561±8.5, and 543 ± 11.3 kg and body condition 
score 4.6 ± 0.16, 5.5 ± 0.19, and 4.4 ± 0.19 in yr 1, 2, and 3) with calves (mean BW 50 ± 
17.6, 42 ± 25.3, and 59 ± 3.0 kg in yr 1, 2, and 3) at a mean stocking rate of 3.76 standard 
livestock units (slu; Minson and Whiteman, 1989) ha-1 (Figures 1 and 2). The remaining 6.1 
ha of each pasture was harvested as hay as described above. Following 19 ± 10 d of 
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regrowth, the harvested area was divided into six paddocks that were incorporated into the 
rotational stocking system on June 17, June 21, and June 18 in yr 1, 2, and 3 at a total rate of 
1.17 slu ha·1• Periods of occupation for each paddock were adjusted to yield a grazing 
efficiency of approximately 50% in each rotation assuming that DM consumption of a 
lactating cow was 3.5% of BW (Hermann et al., 2002). 
In the year-round grazing system, the remaining two smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures were divided into eight paddocks. For the first 54 ± 5 
d of the grazing season, a first-last rotational stocking system was used, in which six spring-
calving cows (mean BW 532 ± 7.1, 556 ± 12.7, and 541±9.9 kg and body condition score 
4.7 ± 0.07, 5.4 ± 0.15, and 4.7 ± 0.15 in yr 1, 2, and 3, respectively) with calves (mean BW 
54 ± 1.9, 41±1.3, and 70.9 ± 4.0 kg in yr 1, 2, and 3) and 12 stocker cattle born the 
preceding spring and fall (mean body weight 303 ± 6.2, 228 ± 0.2; 334 ± 3.9, 250 ± 2.7; and 
312 ± 9.3, 213 ± 14.0 kg, in yr 1, 2, and 3, respectively) were rotationally stocked in 
paddocks at 1.89 slu ha·1 for an estimated grazing efficiency of 35% assuming that DM 
consumption of lactating cows and stockers were 3.5 and 3.0% of BW, respectively 
(Hermann et al., 2002). As this group of animals was moved to the next paddock, six fall-
calving cows (mean BW 523 ± 0.7, 567 ± 2.1, and 552 ± 32.5 kg and body condition score 
4.7 ± 0.43, 5.8 ± 0.15, and 5.1±0.31 in yr 1, 2, and 3) in mid-gestation were stocked at 0.79 
slu ha·1 to remove remaining forage for a total grazing efficiency of 50% assuming that DM 
consumption of gestating cows was 2.5% of BW (Hermann et al., 2002). 
After 19 ± 10 d, spring-calving cows and calves and fall-calving cows were moved to the 
smooth bromegrass-red clover or tall fescue-red clover pastures, respectively, to strip-graze 
regrowth for 49 ± 6 d after hay harvest (Janovick, 2002). While cows grazed the tall-fescue-
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red clover or smooth bromegrass-red clover pastures, stocker cattle remained rotationally 
stocked at 1.03 slu ha-1 on the smooth bromegrass-orchardgrass-birdsfoot trefoil pastures to 
utilize excess forage growth until August 5, August 2, and July 30 of yr 1, 2, and 3 when they 
were removed for finishing in a feedlot (Janovick, 2002). Simultaneous to removal of the 
stocker cattle, spring-calving cows with calves and fall-calving cows returned to the smooth 
bromegrass-orchardgrass-birdsfoot trefoil pastures to graze by rotational stocking as a group 
at 2.00 slu ha-1 until winter management began for both systems on October 28, October 17, 
and October 26 of yr 1, 2, and 3. A detailed description of animal management in the two 
systems was described by Janovick, (2002). Methods of animal management for this study 
was reviewed and approved by the Institutional Animal Care and Use Committee at Iowa 
State University. 
Forage Sampling 
To determine the amounts of hay DM harvested during summer and fed over winter, 
each large round bale was weighed at harvest and at feeding. At harvest, six bales from each 
pasture were randomly selected and core samples were taken in two locations on opposite 
sides of the bale. Hay was stored outside, uncovered and used for feeding in winter feeding 
systems (Janovick, 2002). To estimate the nutrient weathering losses in December and 
March, three of these bales were again weighed and core-sampled at two depths (from 0 to 
23 cm and from 23 to 76 cm) in four locations around the outside of the bale (Brasche and 
Russell, 1988). Assuming that 50% of the DM in a large round bale with a radius of 76 cm is 
in the outer 23 cm of the bale, the concentrations of DM and other components in a large 
round bale was calculated as the average of values for the two depths. To determine the 
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concentrations of DM and its components of bales fed over winter, a minimum of three bales 
were core-sampled as described, monthly during winter. 
During winter, com crop residues were hand-collected monthly to the soil surface 
from one randomly selected 4-m2 area in each grazed paddock. Samples were composited by 
field so that the grazed portion of each field was sampled from a minimum of two locations 
per field each month. To determine weathering effects, one sample was taken from a 4-m2 
area in each of two 6 x 4-m grazing exclosures and composited after termination of com crop 
residue grazing. Com crop residue samples were weighed, ground to pass through a 2.5-cm 
screen, and subsampled for further analysis. Simultaneous to sampling com crop residues, 
stockpiled forages were sampled by hand-clipping three 0.25-m2 locations per paddock to a 
height of 2 cm, composited by pasture, and weighed. To determine weathering effects, one 
0.25-m2 sample was taken from each of four l .5-m2 grazing exclosures per pasture at grazing 
termination, composited by pasture, and weighed. 
During summer, herbage mass of paddocks was estimated with a falling plate meter 
(4.8 kg m-2; Hermann et al., 2002) in four locations per paddock as cows were moved into 
and out of each paddock. Grazing efficiency was calculated as: 
Grazing efficiency = (Sward height when moving animals into paddock - Sward height when 
moving animals out of paddock) I Sward height when moving animals into paddock. 
To determine herbage mass and chemical composition of smooth bromegrass-orchardgrass-
birdsfoot trefoil pastures, forage was harvested monthly by hand-clipping in three 0.25-m2 
locations per paddock to a height of approximately 2 cm. Tall fescue-red clover and smooth 
bromegrass-red clover pastures were sampled using the same clipping methods, at the pre-, 
mid-, and post-grazing of these pastures in mid-summer. Samples on each date were 
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composited by pasture for further analysis. An additional sample at each 0.25-m2 location 
was hand-clipped in April and October to determine the effects of forage management 
system on pasture botanical composition. Samples were hand-sorted into dead forage and 
green grass, legume, and broadleaf weed fractions, dried at 65°C for 48 h, and weighed. 
Forage Chemical Analyses 
All forage samples were weighed, dried in a forced air oven at 65°C for 48 h, and 
reweighed to determine dry matter (DM) concentration. Samples were ground in a Wiley 
mill (A. H. Thomas Co., Philadelphia, PA) to pass through a 1-mm screen in preparation for 
further analysis. Organic matter (OM) concentrations of forages sampled during winter were 
determined by combustion in a muffle furnace for 2 h at 600°C (AOAC, 1990). In vitro DM 
disappearance (IVDMD) of all winter forage samples was determined by the procedure of 
Tilley and Terry (1963) as modified by Marten and Barnes (1980) with filtration on filter 
paper. To correct for soil contamination in the winter forage samples, in vitro organic matter 
disappearance (IVOMD) was determined as the weight loss from the combustion of the filter 
papers and undigested residues in a muffle furnace for 2 h at 600°C, corrected for the dry 
weight of the filter paper. Concentrations of IVDMD in summer forages were determined by 
the Tilley and Terry (1963) procedure modified to use the NC-64 buffer with 48-hr ruminal 
fluid and 24-hr acid-pepsin incubation periods (Marten and Barnes, 1979). Inoculum for In 
vitro disappearance procedures was obtained from a ruminally fistulated steer fed an alfalfa 
(Medicago sativa L.) diet and strained through four layers of cheesecloth. Forage crude 
protein (CP) concentrations of all samples were calculated as the product of 6.25 times the 
total N concentration as determined by the Kjeldahl procedure, using a selenium catalyst 
(AOAC, 1990). Forage neutral detergent fiber (NDF) and acid detergent fiber (ADF) 
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concentrations of all samples were determined by sequential analysis using an ANKOM200 
Fiber Analyzer (ANKOM Technology Corporation, Fairport, NY) according to the 
procedures of Van Soest and Robertson ( 1979) using a-amylase (ANKOM Technology 
Corporation, Fairport, NY) and sodium sulfite, and Goering and Van Soest (1970), 
respectively. Following ADF analysis, winter samples were combusted in a muffle furnace 
for 2 hr at 600°C to correct for soil contamination and may overestimate organic components 
by including acid insoluble ash in the total ash. Nutrient composition of winter forages was 
reported on an OM basis. Acid detergent insoluble nitrogen concentration (ADIN) was 
determined using the procedure of Goering and Van Soest (1970) and reported as g kg-1 of 
total N. 
Statistical Analyses 
Each pasture was considered an experimental unit for statistical analyses. To 
evaluate effects of grazing treatments on hay yield, DM and nutrient recovery of hay bales; 
initial forage mass and nutrient composition of winter fields and pastures; and the monthly 
forage mass, sward height, and nutrient composition, and botanical composition of summer 
pastures, a two-way analysis of variance was conducted using the GLM procedure of SAS 
(SAS Inst. Inc., 1990) with forage species and year as main effects and the interaction of 
species and year included in the model. Response variables with significant two-way 
interactions were analyzed each year by analysis of variance using the GLM procedure of 
SAS to test the effects of forage species mixtures. Samples which were sampled monthly as 
described in the methods (available forage mass, nutrient composition, sward height) were 
analyzed by month in the statistical models described. For forage samples collected during 
the summer, differences in means were tested between smooth bromegrass-orchardgrass-
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birdsfoot trefoil pastures in minimal land and year-round systems, or between smooth 
bromegrass-red clover and smooth bromegrass-red clover pastures in the year-round system. 
Linear contrasts were used to estimate and test the differences among forage species and to 
test differences between system means. 
Mean daily changes in herbage mass and chemical composition of grazed and 
ungrazed corn crop residue and stockpiled forages during winter grazing season were 
calculated from monthly samples with the regression procedure of SAS (SAS Inst. Inc., 
1990). Differences in the slopes of the daily changes in herbage mass and nutrient 
composition of corn crop residues and stockpiled forages from grazed or ungrazed areas were 
determined using the GLM procedure (SAS Inst. Inc., 1990), with the main effects of forage 
species, grazing status, and year and the two- and three-way interaction of these effects in the 
model. Linear contrasts were used to determine slopes for weathering effects all forage 
species over three years, including hay bales sampled monthly over winter. For all data 
analyses, a significance level was declared at a probability of less than 0.05. 
Results 
Summer Forage Mass and Composition 
The proportion of dead DM in smooth bromegrass-orchardgrass-birdsfoot trefoil 
pastures in the year-round grazing and minimal land system was similar in April (Table 1), 
however, following grazing management assigned for both systems, the year-round grazing 
system pastures had a greater proportion of dead DM compared to the minimal land system. 
The proportion of grass and legume in the total live DM for smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures in the year-round grazing and minimal land systems 
did not differ in April and October. Differences that existed in weed content between these 
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pastures in April were no longer present in October following grazing. Following a dry 
winter and spring in yr 2, smooth bromegrass-orchardgrass-birdsfoot trefoil pastures in the 
year-round grazing and minimal land systems. had a greater proportions of weeds and 
legumes as a proportion of total live DM in April compared to yr 1 and 3, as a replacement 
for grass. Again, following dry weather conditions over most of the grazing season in yr 2, 
smooth bromegrass-orchardgrass-birdsfoot trefoil pastures had greater proportions of dead 
material and lower weed content compared to yr 1and3. Though the proportion of grass 
increased in these pastures in both grazing management systems in October over three years, 
both legume and weed proportions decreased greatly from yr 1 to yr 2 at the end of the 
grazmg season. 
The proportion of dead forage in the total DM, and grass, legume, and weed as a 
proportion of total live DM were similar between smooth bromegrass-red clover and tall 
fescue-red clover pastures in the year-round grazing system in April and October, therefore, 
combined means were evaluated for management effects (Table 2). The proportion of dead 
DM tended to decrease from April to October, whereas no effect of management was 
observed for the proportion of weed in live DM. Except in yr 2, an increase in the proportion 
of legume and a subsequent decrease in the proportion of grass was observed from April to 
October. Following a dry growing season in yr 2, the proportion of legumes in these pastures 
decreased from April to October and an increase in the proportion of dead DM were 
observed, whereas the proportion of grass did not change. 
Mean available forage mass over the summer in smooth bromegrass-orchardgrass-
birdsfoot trefoil pastures did not differ in the year-round and minimal land grazing systems 
(Figure 3). In June, before paddocks harvested for hay were added to the rotational stocking 
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system in the minimal land system, the available forage mass was less than that of the year-
round grazing system pasture. At the end of the grazing season, pastures in the minimal land 
system with a stocking rate of 1.17 SLU ha-1 had greater available forage mass in October 
compared to the year-round grazing system with a stocking rate of 2.00 SLU ha-1• Year 
affected the amount of available forage of the smooth bromegrass-orchardgrass-birdsfoot 
trefoil pastures in May, July, September, and October. In these months, greater forage mass 
was available in both yr 1 and 3 compared to yr 2. These effects may have been affected by 
rainfall which was at or above the 30-yr average in yr 1and3, and below the 30-yr average 
in yr 2. Within the year-round grazing system, tall fescue-red clover pastures had greater 
forage mass than smooth bromegrass-red clover pastures in the month of August. Year also 
affected available forage in these pastures in all three months they were grazed and a forage 
species by year interaction affected available forage in the month of July. These effects were 
most likely an artifact of one paddock being excluded from hay cutting in yr 2, therefore 
resulting in forage growth from April to June at the initiation of strip-grazing rather than 
regrowth following hay cutting. 
Similar to forage mass, sward heights were greater in smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures in the minimal land system during the months of May 
and September than the year-round grazing system. Pastures in the year-round grazing 
system had a greater mean sward height in yr 1 (16.4 cm) than yr 3 (13.2 cm), whereas the 
measured height of pastures minimal land system remained at approximately 12.5 cm over 
three years. Sward heights of smooth bromegrass-orchardgrass-birdsfoot trefoil pastures in 
year-round grazing systems were lower in May and September, and greater in July than the 
minimal land system. Sward height was greater in tall fescue-red clover pastures than 
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smooth bromegrass-red clover pastures in July and August. Year also affected sward height 
in smooth bromegrass-red clover and tall fescue-red clover pastures in all three months they 
were grazed. However, similar to available forage mass, this effect resulted in greater sward 
height in yr 2 when one paddock was not harvested as hay before strip-grazing. 
Sward heights taken before and after cows had grazed paddocks were used to 
estimate grazing efficiency (data not shown). Grazing efficiency did not differ between the 
minimal land and year-round grazing systems in May, June, July, and September, but was 
12.5% greater for the year-round grazing system than the minimal land system in August. 
Though both grazing management systems were designed for a removal of 50% of the 
available forage, only the year-round grazing system reached this goal in the month of 
August. Before incorporation of hayed paddocks into the grazing systems, mean grazing 
efficiencies were 13.1, 9.7; 13.4, 7.2; and 28.2, 27.5% for the minimal land and year-round 
grazing system in April, May and June, respectively. Grazing efficiencies for July, August, 
September, and October were 31.8, 37.8; 35.9, 48.4; 37.9, 32.4; and 19.5, 27.6%, for the 
minimal land and year-round grazing system, respectively. Therefore, forage was likely 
underutilized during the majority of the grazing season. However, because grazing 
allowances were between those of 5 (NRC, 1996) and 10 (Marsh et al., 1979) kg 100 kg 
Bw·1 which are levels that begin to limit animal performance and body weight gains of 
stocker cattle grazing in this experiment (Janovick, 2002) were lower than in a previous 
study (Hersom, 1999), the falling plate meter may have been inappropriate for measuring 
grazing efficiency in this experiment. In addition, the increased proportion of dead DM in 
both systems from April to October may be indicative of senesced forage that could have 
resulted from poor grazing efficiencies obtained in the experiment. 
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Mean concentration of NDF was greater in forage from smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures in the minimal land system than the year-round 
grazing system in April, whereas ADF concentration of forage in the minimal land system 
was lower in September (data not shown). Concentration of NDF and ADF in smooth 
bromegrass-orchardgrass-birdsfoot trefoil pastures in the year-round and minimal land 
grazing systems did not differ in other summer months. There were no differences in the 
concentration of NDF or ADF in forage from the smooth bromegrass-red clover and tall 
fescue-red clover pastures within the year-round grazing system (data not shown). Mean 
concentrations of IVDMD were greater in forage sampled from smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures in the minimal land system than the year-round 
grazing system in September and October (Figure 5). Grazing management did not affect 
forage IVDMD concentration in any other month during the summer grazing season. Forage 
from tall fescue-red clover pastures had greater concentration of IVDDM in June and July 
than smooth bromegrass-red clover pastures. Concentration of CP in forage from smooth 
bromegrass-orchardgrass-birdsfoot trefoil pastures did not differ with grazing management 
over the grazing season (Figure 6). However, forage from tall fescue-red clover pastures had 
greater CP concentration than smooth bromegrass-red clover pastures in July in the year-
round grazing system. 
Hay Production 
Smooth bromegrass-orchardgrass-birdsfoot trefoil pastures in the minimal land 
system produced 1.0 Mg DM harvested ha-1 and 1.1 Mg DM cow-1 more hay over three years 
compared to mean production for the tall fescue-red clover and smooth bromegrass-red 
clover pastures in the year-round grazing system (Table 3). Within the year-round grazing 
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system, hay production from smooth bromegrass-red clover pastures per ha and per cow were 
greater than for tall fescue-red clover pastures. Hay yields for all pastures were higher in yr 1 
and 3 than yr 2. In yr 2, less pastureland was harvested in all pastures because of inadequate 
precipitation and poor forage growth. Consequently, mean hay yields decreased from 2.3 Mg 
DM ha-I and 2.4 Mg DM cow-1 in yr 1 to 1.2 Mg DM ha-I and 0.8 Mg DM cow-I in yr 2 and 
increased to 2.2 Mg DM ha-I and 2.2 Mg DM cow-I in yr 3. Masses of stockpiled forage at 
the initiation of winter grazing were greater in tall fescue-red clover pastures than smooth 
bromegrass-red clover pastures over three years. Stockpiled forage mass did not differ 
between species over 3 years (Table 3). However, the mean forage mass of stockpiled tall 
fescue-red clover pastures tended to be lower in yr 2 than smooth bromegrass-red clover 
pastures. Precipitation in yr 2 was lower than the 30-yr average in all months with the 
exception of June, which likely contributed to the reduction of stockpiled forage mass in yr 2. 
Total amounts of winter forage as hay and stockpiled pasture at initiation of grazing were 1.4 
Mg DM ha-I and 1.4 Mg DM cow-I greater in the year-round grazing system than the 
minimal land system. Yields of winter forage decreased from 4.7 and 3.3 Mg DM cow·1 in yr 
1 to 3.3 and 1.4 Mg DM cow-I in yr 2, and increased.to 3.7 and 2.9 Mg DM cow-I in yr 3 in 
the year-round and minimal land grazing systems, respectively. 
Winter Forage Mass and Composition 
Mean forage mass in com crop residue fields at initiation of the winter grazing season 
was greater than either of the stockpiled pastures over three years (Table 4). Mean forage 
masses in stockpiled pastures did not differ between species. Com crop residue forage 
masses at the initiation of grazing in yr 3 were lower than yr 1 and 2, whereas forage masses 
of stockpiled pastures did not differ between years. At initiation of grazing, com crop 
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residues had greater concentrations of NDF and ADF and lower concentrations of IVOMD 
and CP than stockpiled forages or hay. The proportion of N as ADIN in com crop residues 
did not differ from that of hay over three years, primarily because of the high ADIN 
concentration of the hay fed in yr 1. Concentrations of NDF, IVOMD, and CP at the 
initiation of winter grazing did not differ between stockpiled smooth bromegrass-red clover 
and tall fescue-red clover pastures. However, the concentrations of ADF and ADIN in 
stockpiled smooth bromegrass-red clover forage were higher than tall fescue-red clover 
forage. Hay fed during winter had greater mean concentrations of IVOMD, NDF, ADF, and 
ADIN and a lesser concentration of CP than stockpiled forages. Hay produced in smooth 
bromegrass-red clover and tall fescue-red clover pastures in the year-round grazing system 
did not differ in the concentrations of NDF, IVDMD, or CP at harvest. At harvest, however, 
hay produced from in smooth bromegrass-orchardgrass-birdsfoot trefoil pastures in the 
minimal land system had greater concentrations of ADF compared to smooth bromegrass-red 
clover or tall fescue-red clover pastures in the year-round grazing system. Concentrations of 
IVDMD in smooth bromegrass-orchardgrass hay harvested in the minimal land system did 
not differ from smooth bromegrass-red clover hay, but was lower than tall fescue-red clover 
hay at harvest. Though hay harvested from all pastures did not differ in CP concentration, 
ADIN as a percentage of N was greater in hay harvested from smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures in the minimal land system compared to smooth 
bromegrass-red clover pastures in the year-round grazing system. 
As in previous winter grazing studies (Fribourg and Bell, 1984; Adams, 1986; 
Klopfenstein et al., 1987; Fernandez-Rivera and Klopfenstein, 1989; Fernandez-Rivera et al., 
1989; Hitz and Russell, 1998; Hersom, 1999), weather affected the changes in nutrient 
128 
composition of grazed forages and hay fed over the winter grazing season. In December and 
March, bales from all pastures that had been previously tagged and sampled at baling had lost 
10 to 15% of DM (data not shown). Initial concentrations of NDF and ADF in harvested hay 
were 554 and 289 g kg-1 and increased by 110 and 39 g kg-1 in December and by 129 and 54 
g kg-1 in March. The recovered IVOMD (initial 523 g kg-1) remained at 104 and 100% of 
original concentration in December and March, respectively. Though the CP concentration 
did not change in bales, the proportion of ADIN increased from 22.7 to 24.9 g kg of total N-1• 
Concentration of NDF, ADF, and CP increased at mean rates of 0.23, 0.19, and 0.05 g kg-1 
dai1 in stockpiled forages and com crop residues, but did not differ between forage species. 
Concentration of ADIN increased at a mean rate of 0.47 g kg-1 dai1 of total Nin stockpiled 
forages and com crop residues. The concentration of IVOMD decreased at 0.74 g kg-1 d-1 in 
grazed forages. While the CP concentration in com crop residues and smooth bromegrass-
red clover pastures increased by 0.03 g kg OM-1 d-1, CP concentration in stockpiled tall 
fescue-red clover and smooth bromegrass-red clover increased by 0.08 g kg OM-1 d-1. The 
concentrations of NDF, ADF, and CP in hay fed decreased at 0.53, 0.60, and 0.17 g kg-1 d-1, 
while IVOMD increased at 0.47 g kg-1d-1• Concentration ADIN as a proportion of total N 
decreased at 1.10 g kg OM-1 d-1 in hay that was fed. The difference in nutrient composition 
changes in hay compared to grazed forages may have resulted from yr 1, when alfalfa hay 
was purchased and fed toward the middle of the winter, because of inadequate hay supply 
from the project. Because purchased hay was fed over a good portion of the winter during yr 
1, it was included in these analyses. 
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Discussion 
Including extra land in cool season grass-legume forage systems for the purpose of 
stockpiling forages creates a need for management of excess growth during the spring and 
early summer (Allen et al., 1992b; Hitz and Russell, 1998; Hersom, 1999). Allen et al. 
(1992b) managed land used for fall stockpiling with hay harvest and creep grazing for calves 
during the summer. However, the fixed stocking rate that was used over the entire grazing 
season resulted in inadequate forage availability during the summer, which required early 
termination of summer grazing (Allen et al., 1992b). Hersom (1999) decreased grazing 
allowance from .81 ha/cow-calf pair to .41 ha/animal by utilizing stocker animals in summer 
pastures early in the grazing season as well as control forage growth (.81 ha/animal) as cows 
grazed regrowth in hayed pastures later used for stockpiling. This system resulted in an 
increased IVDMD concentration in summer pastures late in the grazing season as well as 
adequate hay production for supplemental feeding over winter. In the present study, the fact 
that there were virtually no differences in available forage mass or nutritive value between 
smooth bromegrass-orchardgrass-birdsfoot trefoil pastures in either system over the summer 
indicated that the effects of the forage management methods used in these pastures were very 
similar. 
It is not clear why grazing management in both systems resulted in low grazing 
efficiency whereas grazing allowance remained between 5 and 10 kg DM 100 kg Bw-1• At 
the calculated grazing efficiencies, there may have been under-utilized forage early in the 
season that carried over the rest of the grazing season which may be why the proportion of 
dead DM increased by the end of the grazing season in both systems. Studies with utilization 
rates of 22 to 36% were coupled with litter cover of 75-90% compared to those achieving 
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utilization rates of 53% with litter cover of 65-70% (Taylor et al., 1993; Manley et al., 1997; 
Hart et al., 1988). Gillen et al. (2000) have observed that lighter stocking rates resulted in 
more total dead standing crop compared to heavier stocking rates, which also reflected 
utilization. Hermann et al. (2002) were able to maintain high grazing efficiency (54%) by 
adjusting paddock size on a daily basis. In that study, the dead forage made up 
approximately 400 g kg total DM-1 but IVDMD dropped to 450 to 500 g kg-1 late in the 
grazing season. Cattle in the present study were moved daily, which was independent of 
estimated available forage mass in each of the paddocks during the first month of the grazing 
which could have resulted in under-utilized forage. After this time, estimations of available 
forage based on monthly sward height measurements were used to determine residence time 
of cattle in paddocks, however, they were not readjusted until the following month. 
Therefore it was possible that the forage allowance changed during the month in the present 
study before the rotation schedule was adjusted and there may have been times when forage 
was under- or over-utilized. 
Ideally, systems that include extra land for stockpiling will use excess forage 
efficiently to best match the cow-calf herd to available forage resources (Adams et al., 1996). 
Though some extended grazing systems have failed to produce enough hay for cows and 
calves (Bagley et al., 1987b; May et al., 1999), they were still effective in reducing the 
amount of hay need for the herd. The larger land area that was managed over summer in the 
year-round grazing system compared to the minimal land system in the present study 
increased the efficiency of hay use with the inclusion of stocker animals. In the year-round 
grazing system, cows used only 36% of the hay that was harvested with .93 ha/cow used for 
hay harvest. However, because weaned calves were retained and maintained over winter on 
131 
a hay diet (Janovick, 2002), they increased the efficiency of hay use to 90%. Though the 
minimal land system used more hay to maintain cows in a drylot compared to what was 
produced (111 % ) using .96 ha/cow for hay harvest, increasing the land harvested per cow to 
1.1 ha may have supplied hay for the needs of these cows. Though both systems in the 
present study allowed for enough forage to be harvested as hay per cow to support the herd 
over winter, the year-round grazing system had more flexibility during poor growing 
conditions. Other studies have also been able to increase the efficiency of hay use in 
extended grazing systems by using various management practices. Hersom (1999) used 1.1 
ha/cow to harvest hay from stockpiled pastures in a study similar to the present one. In the 
extended grazing portion of the study, cows were 5% efficient at using the hay harvested, 
whereas adding stocker animals increased this efficiency to 40%. Hay harvested from .46 ha 
cow·1 which was used to feed cows in a drylot was 2.3 times less than that produced. Using 
.81 ha/cow for hay harvest in an extended grazing system using stockpiled tall fescue-red 
clover or smooth bromegrass-red clover pastures with multiple hay harvest as forage 
regrowth allowed, resulted in. an average of 18% efficiency of hay harvest use (Hitz and 
Russell, 1998). But because hay produced from these systems was also used to supplement 
cows grazing com crop residues and to feed cows in a dry lot, efficiency of use was increased 
to 61 %. Allen et al. (1992b) used stockpiled pastures for hay harvest and creep grazing 
during the summer months which resulted in an average of 88% efficiency using .33 ha/cow 
for hay harvest. 
In this study, and in Prigge et al. (1999), management of stockpiled pastures with hay 
harvest and grazing during the summer months produced available DM over multiple seasons 
that was at a level favorable for grazing. In contrast, Hitz and Russell (1998) observed a 
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decrease of 1,482 kg DM ha-1 in the amount of available DM the final year in pastures 
previously used for stockpiled winter grazing. Fribourg and Bell (1984) observed variation 
in the accumulation of DM related to the time of season that stockpiling was initiated but 
observed reductions in DM was not different in multiple grazing seasons. Tall fescue-red 
clover pastures in the present study had greater available forage mass at initiation of winter 
grazing compared to smooth bromegrass-red clover pastures. Riesterer et al. (2000b) also 
observed greater forage mass in stockpiled tall fescue for winter compared to stockpiled 
smooth bromegrass. Tall fescue was also more persistent after season-long growth and 
harvest compared to smooth bromegrass (Riesterer et al., 2002a). Therefore it seemed 
appropriate that fall-calving cows and their calves graze stockpiled tall fescue-red clover 
pastures over the winter season, whereas spring-calving cows graze stockpiled smooth 
bromegrass-red clover pastures after a period of com crop residue grazing. 
The loss of DM and nutrient composition changes in large round bales and stockpiled 
forages observed in this study were similar to that observed by others (Atwal et al., 1984; 
Russell and Buxton, 1984; Brasche and Russell, 1988; Hersom, 1999). Dry matter and 
weathering losses, as well as losses at feeding (Adams et al., 1994) in systems that rely 
exclusively on hay production and feeding over winter influence the amount of hay harvest 
needed to support the herd. Though weathering losses occurred in stockpiled forages, 
grazing cattle were able to mobilize body stores to supply energy needed to support 
production (Janovick, 2002). In addition, summer management of pastures produced 
stockpiled forage in tall fescue-red clover and smooth bromegrass-red clover pastures with 
CP concentration of 120 g kg-1, which was adequate to meet the NRC (1996) requirement of 
a mature lactating cow at peak milk production. 
133 
Implications 
Stockpiled tall fescue-red clover and smooth bromegrass-red clover pastures 
produced adequate forage for fall- and spring-calving cows, respectively, that met nutritional 
needs without negatively affecting available DM mass in subsequent years. Forage 
management systems utilizing com crop residues and/or stockpiled cool season grass-legume 
pastures to extend the grazing season into winter reduced the amount of hay needed to 
maintain the cow herd over winter. In this study, by using stocker animals in combination 
with animals complimentary to each other in nutrient needs such as fall- and spring- calving 
cows, or by restricting the area of grazing and harvesting first-cutting hay from remaining 
land, forage with similar mass and nutritive value was produced. It was also possible to 
combine hay harvest with stocking management over the grazing season to allow for hay 
harvest that was adequate to meet needs for the cow-calf herd and stocker animals over 
winter, without producing hay that was .in great excess of that needed. 
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Figure 1. Forage management practices used in the Year-round and Minimal land grazing 
systems over the winter and summer grazing season. Each pasture was replicated once. 
Boxes with no text indicate a rest period or alternative management as shown by Figure 2. 
Management was repeated each year. 
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Figure 2. Stocking management used in the year-round and minimal land grazing systems 
during the winter and summer grazing season. Each pasture was replicated once. Boxes 
with no text indicate a rest period or alternative management as shown by Figure 1. Stocking 
management was repeated each year. tThe drylot was increased in size to .24 ha for the 
calving season. 
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Figure 3. Mean available forage mass per hectare in smooth bromegrass-orchardgrass-
birdsfoot trefoil pastures (SB-OG-BFT, n = 6) pastures in the year-round (YR) and minimal 
land (ML) grazing systems and smooth bromegrass-red clover (SB-RC, n = 6) and tall 
fescue-red clover (TF-RC, n = 6) pastures in the year-round grazing system during the 
summer grazing season over three years. 
Apr May Jun Jul Aug Sept Oct 
SEM (ML and YR) 0.77 0.11 0.97 0.85 0.72 0.14 0.14 
SEM (SB-RC and TF-RC) . 0.41 0.73 0.11 
a6Differences between means of SB-OG-BFT pastures with different superscripts within the 
same month are significant, P < 0.05. 
xyDifferences between means of SB-RC and TF-RC pastures with different superscripts 
within the same month are significant, P < 0.05. 
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Figure 4. Mean average monthly sward height in smooth bromegrass-orchardgrass-birdsfoot 
trefoil pastures (SB-OG-BFT, n = 6) pastures in the year- round (YR) and minimal land 
(ML) grazing systems and smooth bromegrass-red clover (SB-RC, n = 6) and tall fescue-red 
clover (TF-RC, n = 6) pastures in the year-round grazing system during the summer grazing 
season over three years. 
Apr May Jun Jul Aug Sept Oct 
SEM (ML and YR) 0.36 0.77 0.43 0.43 0.61 0.78 0.68 
SEM (SB-RC and TF-RC) 0.57 0.46 0.55 
abDifferences between means of SB-OG-BFT pastures with different superscripts within the 
same month are significant, P < 0.05. 
xyDifferences between means of SB-RC and TF-RC pastures with different superscripts 
within the same month are significant, P < 0.05. 
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Figure 5. Mean concentration of in vitro digestible dry matter (IVDMD) in smooth 
bromegrass-orchardgrass-birdsfoot trefoil pastures (SB-00-BFf, n = 6) pastures in the year-
round (YR) and minimal land (ML) grazing systems and smooth bromegrass-red clover (SB-
RC, n = 6) and tall fescue-red clover (TF-RC, n = 6) pastures in the year-round grazing 
system during the summer grazing season over three years. 
Apr May Jun Jul 
SEM (ML and YR) 16.8 7.9 12.5 12.1 
SEM (SB-RC and TF-RC) 8.5 4.8 
Aug 
5.3 
9.5 
Sept Oct 
8.7 9.2 
abDifferences between means of SB-00-BFT pastures with different superscripts within the 
same month are significant, P < 0.05. 
xyDifferences between means of SB-RC and TF-RC pastures with different superscripts 
within the same month are significant, P < 0.05. 
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Figure 6. Mean crude protein (CP) concentration in smooth bromegrass-orchardgrass-
birdsfoot trefoil pastures (SB-OG-BFT, n = 6) pastures in the year-round (YR) and minimal 
land (ML) grazing systems and smooth bromegrass-red clover (SB-RC, n = 6) and tall 
fescue-red clover (TF-RC, n = 6) pastures in the year-round grazing system during the 
summer grazing season over three years. 
Apr May 
SEM (ML and YR) 4.9 3.6 
SEM (SB-RC and TF-RC) 
Jun 
7.8 
4.9 
Jul 
4.8 
1.9 
Aug 
4.1 
4.9 
Sept Oct 
4.2 5.3 
xyDifferences between means of SB-RC and TF-RC pastures with different superscripts 
within the same month are significant, P < 0.05. 
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CHAPTER 6. GENERAL CONCLUSIONS 
General Discussion 
Extended grazing systems have been demonstrated in various regions of the United 
States. These systems have decreased the amount of stored feeds needed for overwintering 
the beef herd. However, few of these studies have been focused on the upper-Midwestern 
region of the United States, and even less have focused on how a fall-calving herd could be 
utilized in them. There has been an interest in grass-fed beef production systems for growing 
animals and they too need more evaluation to ensure the most efficient and effective use of 
forage resources. This experiment evaluated integrated animal and forage management 
systems for the production of beef starting at the production of the calf through finishing in 
the feedlot. Through the present study which used integrated animal and forage systems, 
stocker performance, calving season, and management methods for utilizing pasture forages 
have been evaluated . 
. Certainly winter weather conditions influence the strategy and/or success of the 
strategy used to manage the cow herd over winter. These weather conditions affect both the 
maintenance requirement of the cow and can limit forage availability for grazing. Spring-
calving cows sequentially grazing com crop residues and stockpiled forages in the year-
round system exhibited no differences in body condition score compared to spring-calving 
cows maintained in a drylot in the minimal land system over winter. However, the minimal 
land system required 879 kg DM/cow more hay than the year round system. The amount of 
hay saved by grazing com residues and stockpiled forages supported stocker animals and 
cows, whereas the hay produced in the minimal land system was not adequate to support 
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minimal land cows. Additionally, in poor weather conditions, hay fed to either fall- or 
spring-calving cows in the year-round system was over two times that fed to spring-calving 
cows in the minimal land system. Though feeding hay in the drylot affords the producer a 
much better estimate of how much hay is needed to keep cows over winter, compared to the 
variability of hay use in extended grazing systems, there is still risk involved with harvesting 
a hay crop each year. Furthermore, land used for hay harvest indirectly reduces the number 
of animals that can be maintained yearly since this land is relied on to provide winter forage 
and therefore can't be grazed early in the season. 
Though they provide extra forage for winter grazing as an alternative to hay feeding, 
systems that extend the grazing season beyond the normal growing season must be managed 
in such a way during the summer months to maintain nutritive value for grazing animals. 
These systems must also provide a forage supply of adequate mass and nutritive value for 
winter grazing each year. Hay harvest was used to control excess forage growth in the 
minimal land system, whereas in the year-round grazing system, a combination of hay 
harvest and manipulation of stocking rate was used. The year-round system was able to 
supply stockpiled forage for winter grazing and was able to support the calf crops that were 
retained after weaning. Hay harvest and manipulation of stocking rate in the year-round 
system resulted in similar forage production and nutritive value compared to the minimal 
land system, which utilized only hay harvest for managing excess forage production. 
Under average weather conditions with precipitation that does not limit grazing, the 
year-round grazing system was successful in meeting hay needs of animals when utilizing .95 
ha/cow for hay harvest. However, during a severe winter with heavy snow and ice cover, 
more supplemental hay was needed for feeding cows. Though hay production was adequate 
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for feeding cows, fall calves were weaned 45 days early, resulting in more hay needed to 
maintain them. This is certainly a risk associated with nursing calves during the winter. 
However, spring calves backgrounded in the dry lot ultimately drove hay needs of this system 
as they were fed over the entire winter much like the spring-calving cows in the minimal land 
system. Stocker animals in the year-round system greatly helped increase the efficiency with 
which hay harvested was used. Without these stocker animals, a great excess of hay was 
produced and would have gone unutilized. This certainly would not have been an efficient 
use of forage resources. On the other hand, harvesting hay from .95 ha/cow in the minimal 
land system could not supply enough to feed cows in a drylot two out of three years, even 
though the amount of hay produced per cow was greater than year-round system in all three 
years. The only positive hay balance for the minimal land system occurred during a very 
mild winter and a very productive growing season for producing hay the previous summer. 
The year-round grazing system utilized.more total land area compared to the minimal 
land system. However, the extra land area provided more risk management in the form of 
sacrifice paddocks for grazing. Cows in both systems were able to be moved to graze in a 
portion of the area that was to be harvested as hay. Because the year-round grazing system 
utilized less hay over winter, sacrificing land used for hay harvest for grazing during times of 
limited forage growth in summer had less potential to short the herd over winter. By 
sacrificing the area of land harvested for hay in the minimal land system for grazing, the risk 
for increasing the deficit of hay production for winter was also increased. In addition, in the 
year-round system, stocking rate could also be manipulated. If weather conditions restricted 
forage growth during the summer, stocker animals could be removed from pastures at an 
earlier date, thus reducing stocking rate allowing the cow herd to fully utilize pastureland. 
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As this experiment was designed, the option to decrease stocking rate in pastures for the 
minimal land system would only have been to remove cows from the herd. 
The use of a fall-calving herd in this study complimented the spring-calving herd and 
stocker animals quite well in the year-round grazing system. Because they were able to 
mobilize body stores for energy, fall-calving cows were able to nurse calves to a pre-
determined weaning date in two of these years. Early weaning resulted from weather 
conditions which limited the cows' access to forage in one year. As discussed previously, 
fall-calving cows were more dynamic with respect to body weight and body condition score 
changes over the entire production cycle compared to either group of spring-calving cows. 
Their relatively low nutrient requirements during the majority of the summer season allowed 
them to graze paddocks as clean-up animals and still regain lost condition. Though the low 
animal numbers tised in the study may not have accurately characterized reproductive 
performance, fall-calving cows were able to breed back as well as or better than the other 
cow groups, despite losing body condition over winter. The combination of nursing calves, 
and the ability to breed back each year, combined with lower supplemental hay needs and 
lower nutrient requirements during the summer made fall-calving cows more efficient at 
using forage resources compared to spring-calving cows. Because of the seasonal difference 
in calving date, the fall-calving herd produced a calf crop later in the grazing season 
compared to the spring-calving herd, which can have an impact on the prices received at 
weaning and marketing. The fall calves that were retained and used as stocker animals, were 
generally marketed in winter (late-January), compared to spring stockers (early-December) 
or calves in the minimal land finished immediately after weaning (May). 
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In regard to stocker systems, grazing pasture before finishing has potential to reduce 
the amount of stored feeds needed for calves to reach marketing weight. Maximizing the 
amount of compensatory gain in the feedlot following grazing would also help reduce the 
cost of beef production. It seems that more careful management of weight gain in 
backgrounded calves was needed over winter. Because the retained calves in both groups 
had average daily gains in the drylot that were at least two times greater than designed, the 
gains on pasture seemed to be affected. More restricted gain in the drylot would probably 
have decreased the amount of stored feeds fed and also may have increased the amount of 
weight gain on pasture. Though the grazing allowance in summer pastures hovered around 
the level that would potentially restrict performance, these levels never dropped below a level 
at which intake would be affected. Gains while grazing in summer pastures could have 
reduced the cost of raising these animals until finishing and reduced the amount of feed 
needed per kg of gain when considering the total amount of feed fed over all finishing 
phases. Fall calves were more efficient in the feedlot compared to spring calves apparently 
because of their smaller size at the initiation of finishing, however, this is an area that 
warrants more research. 
Recommendations for Future Research 
Many extended grazing studies have focused on the spring-calving herd. Spring-
calving cows are relatively easy to keep over the winter season because they require a less 
nutrient dense diet in midgestation during winter compared to fall-calving cows. The success 
of using a fall-calving herd in this study coupled with the lack of published research using 
fall-calving herds in extended grazing systems in region.s of the country other than the south, 
warrant that more attention be placed on the calving season to determine how this interacts 
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with forage management strategies. Fall-calving cows provided a calf crop that was retained 
after weaning for a shorter period of time compared to spring calves. Therefore, it seems that 
if the producer wished to use stocker systems to control excess forage growth in pastures or 
market cattle at an alternative time of year, fall calves may be more economical in the long 
run. Though this study was done over only three years and encompassed the extremes of 
winter that could occur in the Midwest while grazing during the winter, certainly gathering 
more data on optimum weaning dates for fall-calving herds and stored feed use for the 
retained fall calf crop and cow herd is needed. 
Furthermore, because the fall-calving cow does have lower nutrient needs than the 
spring-calving cow during the summer, perhaps there exists an ideal ratio of each group that 
would combine the optimal use of forage resources with the optimal amount of animal 
production. Alternatively, a herd with only fall-calving cows could potentially be used if the 
producer planned to retain all calves after weaning for use as stocker animals the following 
season. However, this raises the question of how to determine the optimal stocking rate and 
area needed for hay harvest to ensure there is enough stored feed to get the herd through 
winter. Spring-calving cows are better adapted to use com crop residues compared to fall-
calving cows because of lower nutrient needs. However, the goal of backgrounding stocker 
animals is to restrict the growth over winter before grazing so that optimal gains are realized 
on summer pastures. Com crop residues may be an ideal forage resource for weaned spring 
calves. However, waiting to graze residues until fall calves are weaned may not be ideal as 
weathering losses and leaching of nutrients occurs. This is where keeping spring-calving 
cows or spring stocker animals in the ratio may be warranted. Perhaps to lessen the cost of 
feeding retained spring calves, they could be stocked in com residue fields provided that the 
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land resources for this would be available. These questions could all be addressed in future 
research. 
More work is also needed in the area of grass-based production systems for beef. 
Work has already been done to show that compensatory gain of animals can be maximized 
by restricting growth during the backgrounding period, however there is little work that has 
been done to determine the ideal weight that the animal should reach on pasture before being 
placed on a finishing ration. Fall calves in this study seemed to perform in the feedlot 
compared to spring calves which may have stemmed from the fact that they were smaller at 
initiation of finishing. However, low animal numbers may not have captured the true 
response of animals in these finishing systems. Other work has also characterized the effect 
of stocking rate and grazing allowance on growing animal performance. However, more 
work with systems that successfully incorporate stocker animals into those· primarily used for 
the cow-calf herd is certainly needed. These systems fit into producer goals in a variety of 
ways. They provide an alternative marketing strategy for the calves produced, reduce the 
amount of hay harvest from summer pastures by increasing stocking rates, and can increase 
the total amount of beef produced per unit of land. 
Lastly, the need for economic analysis is a must for the types of systems used in this 
experiment. By combining data of this project with others like it, we will start to get a feel 
for the monetary risk involved with these types of grazing systems. The amount of income 
that is generated from a management system which considers the entire production cycle of 
beef production rather than one segment of the industry is largely unknown. If hay harvest is 
one of the single most expensive parts of beef production, perhaps money could be made by 
using custom harvest in place of owning equipment to harvest hay. If one can purchase hay 
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more cheaply than he can make it, and the use of an extended grazing can reduce the overall 
need for hay, then the question of whether or not to own a hay baler could be more clearly 
answered with economic analysis. Market prices of cattle are seasonal, so the influence of 
marketing date also has a potential influence on determining what calving season could 
generate the most income. This would also help to answer the question of how many spring-
or fall-calving cows would make these types of systems operate most ideally. 
Grazing systems research is certainly an area that can use creativity where developing 
integrated management systems are concerned. However, producer resources such as 
facilities, equipment, land area, and labor inputs ultimately determine which kind of systems 
that works best for them. The researcher's job is to find new ways to combine and manage 
these resources and demonstrate them to provide new perspectives on the traditional systems 
used for producing beef. 
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Mean monthly body weights (kg) of spring- and fall-calving cows over winter and 
summer in the minimal land and year-round systems each year. 
Grazin~ mana~ement s~stem 
Year-round Minimal land 
Season Month Fall-calvin~ SErin~-calvin~ SErin~-calvin~ SEMa 
Winter 1 Nov 551 525 529 5.9 
Feb 540bc 578b 524c 10.7 
Mar 501b 540c 574c 8.5 
Apr 521 531 520 6.6 
Summer 1 Apr 523 532 522 7.8 
May 555b 541b 520c 4.7 
June 575b 559b 526c 6.4 
July 599b 555c 535c 6.5 
Aug 621b 551c 544c 14.4 
Sept 620b 586c 583c 6.7 
Oct 561 534 567 16.2 
Winter 2 Oct 561 534 559 19.1 
Dec 596 589 599 9.1 
Mar 573b 607bc 619c 7.7 
Apr 580 572 562 7.3 
Summer2 Apr 567 568 562 6.3 
May 605 575 580 8.4 
Jun 618b 561c 562c 4.8 
Jul 658b 571c 603d 3.3 
Aug 680b 611c 614c 8.5 
Sept 623 595 601 6.8 
Oct 610b 587c 606bc 4.5 
Winter 3 Oct 609 582 584 16.7 
Jan 527b 562c 571c 7.5 
Mar 556b 589c 588c 6.9 
May 552 556 544 14.4 
Summer3 May 552 541 544 14.6 
Jun 590 533 533 13.8 
Jul 607b 542c 542c 12.8 
Aug 606b 555c 552c 10.4 
Sept 577 546 546 11.2 
Oct 573 536 553 10.5 
aSEM, n= 2. 
bcdDifferences between means of different cow .groups with different superscripts in the 
same row are significant, P < 0.05. 
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Mean body weights (kg) of spring- and fall-calving cows over winter and summer in 
the minimal land and year-round systems each year analyzed by production stage of 
the cow. 
GrazinBi manaBiement s~stem 
Year-round Minimal land 
Year Production stage Fall-calving Spring-calving Spring-calving SEMa 
1 Mid-gestation 575a 578a 5256 7.7 
Pre-calving 595a 541b 574a 7.1 
Calving 622a 531b 520b 6.4 
Post-calving 621a 541b 519b 6.2 
Pre-breeding 562a 559a 527b 4.4 
Breeding 551a 557a 605b 9.5 
Late lactation 541 586 583 10.3 
Weaning 501 534 567 16.8 
Post-weaning 521 526 529 5.5 
2 Mid-gestation 618 589 600 8.9 
Pre-calving 658a 607b 619b 7.5 
Calving 680a 572b 563b 7.0 
Post-calving 624a 575b 581ab 10.0 
Pre-breeding 609a 561b 562b 5.7 
Breeding 562a 572a 603b 2.7 
Late lactation 596 595 601 4.7 
Weaning 573a 607a 587b 4.3 
Post-weaning 581 534 559 19.2 
3 Mid-gestation 590 562 572 13.6 
Pre-calving 607 589 589 12.5 
Calving 606a 556b 544b 9.8 
Post-calving 578a 541b 544ab 7.9 
Pre-breeding 574a 533b 543b 8.1 
Breeding 610 542 533 15.9 
Late lactation 527 546 543 12.2 
Weaning 556 536 546 9.9 
Post-weaning 552 583 553 14.8 
aSEM, n = 2.585 
bcctDifferences between means of cow groups with different superscripts in the same 
row are significant, P < 0.05. 
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Mean monthly body condition scores (9-point scale) of spring- and fall-calving cows 
over winter and summer in the minimal land and year-round systems each year. 
Grazin~ mana~ement s~stem 
Year-round Minimal land 
Season Month a Fall-calvin~ SJ2rin~-calvin~ SJ2rin~-calvin~ SEMb 
Winter 1 Nov 5.2 4.9 5.0 0.14 
Dec 5.1 c 4.6cd 4.2d 0.13 
Feb 3.8 4.6 3.9 0.23 
Mar 3.6 4.7 4.7 0.24 
Summer 1 Apr 4.7 4.8 4.8 0.21 
May 5.6c 5.lcd 4.8d 0.15 
Jun 6.2c 53cd 5.ld 0.20 
Sept 6.5c 5.6d 5.5d 0.21 
Sept 6.1 c 5.3d 5.6cd 0.13 
Oct 5.8c 5.0d 5.3cd 0.18 
Winter 2 Nov 6.3 5.6 5.8 0.18 
Dec 6.3 5.8 5.8 0.18 
Feb 5.8 5.8 5.5 0.12 
Mar 5.2 5.7 5.5 0.23 
Summer2 Apr 6.0 5.7 5.6 0.18 
May 6.7 5.7 5.9 0.26 
Jun 6.6 5.2 5.5 0.33 
Aug 7.7c 5.3d 5.5d 0.41 
Sept 6.7c 5.2d 5.6cd 0.32 
Oct 6.7 5.4 5.8 0.32 
Winter 3 Nov 6.6c 5.3d 5.6cd 0.23 
Dec 5.7 5.2 5.7 0.17 
Feb 4.3 4.5 4.8 0.13 
Mar 4.4 4.8 4.8 0.13 
Summer3 May 5.2 4.8 4.5 0.18 
Jun 5.5c 4.8cd 4.2d 0.17 
Jul 5.9c 4.9cd 4.3d 0.23 
Aug 6.6c 5.0d 4.6d 0.23 
Sept 7.lc 5.3d 4.8d 0.32 
Oct 6.4c 4.9d 5.2cd 0.31 
aBecause condition scores were also analyzed by production stage as well as by month, 
only months used to analyze cow groups by production stage are reported. 
bSEM, n = 2. 
cdDifferences between means of cow groups with different superscripts in the same row 
are significant, P < 0.05. 
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Mean body condition scores (9-point scale) of spring- and fall-calving cows over 
winter and summer in the minimal land and year-round systems each year analyzed 
by production sta~e of the cow. 
Grazin~ mana~ement s~stem 
Year-round Minimal land 
Year Production stage Fall-calving Spring-calving Spring-calving SEMa 
1 Mid-gestation 5.66 4.6c 4.2c 0.12 
Pre-calving 6.2b 4.6c 3.9c 0.17 
Calving 6.5b 4.7c 4.7c 0.22 
Post-calving 6.lb 4.7c 4.8c 0.11 
Pre-breeding 5.9b 5.lc 4.9c 0.13 
Breeding 5.2 5.3 5.1 0.13 
Post-breeding 5.lb 5.6c 5.5bc 0.10 
Late lactation 3.8b 5.3c 5.6c 0.25 
Weaning 3.6b 5.0c 5.3c 0.29 
Post-weaning 4.8 4.9 5.0 0.23 
2 Mid-gestation 6.7b 5.9c 5.9c 0.17 
Pre-calving 6.6b 5.8c 5.5c 0.18 
Calving 7.7b 5.7c 5.5c 0.12 
Post-calving 6.7b 5.7c 5.6c 0.17 
Pre-breeding 6.7 5.7 5.9 0.26 
Breeding 6.3 5.2 5.4 0.30 
Post-breeding 6.3 5.3 5.5 0.41 
Late lactation 5.8 5.2 5.6 0.31 
Weaning 5.1 5.3 5.8 0.37 
Post-weaning 6.0 5.6 5.8 0.19 
3 Mid-gestation 5.5 5.2 5.7 0.24 
Pre-calving 5.9b 4.5c 4.8c 0.17 
Calving 6.6b 4.8c 4.8c 0.12 
Post-calving 7.lb 4.8c 4.4c 0.10 
Pre-breeding 6.4b 4.8c 4.2d 0.03 
Breeding 6.6b 4.9c 4.4c 0.20 
Post-breeding 5.7b 5.0c 4.6bc 0.23 
Late lactation 4.2 5.2 4.7 0.32 
Weaning 4.4 4.9 5.2 0.32 
Post-weanin~ 5.1 5.3 5.6 0.27 
aSEM, n = 2. 
bcdDifferences between means of cow groups with different superscripts in the same 
row are significant, P < 0.05. 
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Mean yearly birth weights, weaning weights, and average daily gains for fall and spring 
calves in the year-round or minimal land grazing system. 
Grazins; s~stem 
Year-round Minimal land 
Item and Year Fall calves SErins; calves SErins; calves SEMa 
Birth wt., kg 
1 42.5 43.5 0.50 
2 45.5 42.5 41.5 0.95 
3 42.5 39.0 39.0 1.65 
Weaning wt., kg 
1 189.0b 227.0c 218.5bc 8.10 
2 213.0b 247.5bc 249.5c 7.71 
3 157.5b 234.5c 233.5c 7.67 
Average daily gain, kg/d 
1 0.8b l.2c 1.1 c 0.03 
2 0.9b l.l be 1.1 c 0.04 
3 0.9 1.0 1.0 0.06 
Average age at weaning, mo. 
1 
2 6.5 5.7 5.7 0.36 
3 4.7b 7.1 c 6.5c 0.21 
aSEM, n = 2; birth weight was not available in year 1 for fall calves; weaning age could not 
be caluculated in year 1. 
bcDifferences between means with different superscripts in the same row are significant, 
P<0.05. 
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Mean monthly grazing allowance for smooth bromegrass-orchardgrass-birdsfoot trefoil pastures in 
the year-round and minimal land grazing systems in three summer grazing seasons. 
Item and Year 
Grazing allowance 
1 
2 
3 
•sEM, n=2. 
Month 
Apr 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
Apr 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
Management system 
Year-round Minimal land 
-- kg DM (100 kg animal)"1 d-1 --
8.9 6.7 
18.l 13.3 
6.8 5.5 
5.9 6.2 
7.2 7.6 
11.1 15.9 
7.2 13.2 
9.9 7.5 
5.9 4.9 
8.3 5.7 
10.l 11.1 
5.7 8.1 
8.1 15.2 
8.5 12.l 
11.3 10.0 
11.1 4.7 
8.7 11.7 
6.6 9.9 
4.4 7.1 
3.1 5.7 
SEM• 
1.34 
2.06 
1.54 
0.80 
0.28 
0.67 
0.11 
0.63 
0.72 
0.72 
0.83 
0.39 
1.85 
2.19 
0.57 
1.52 
2.02 
0.70 
1.16 
0.49 
Significance 
0.35 
0.24 
0.60 
0.88 
0.38 
0.04 
<0.01 
0.11 
0.39 
0.13 
0.45 
0.05 
0.11 
0.37 
0.23 
0.10 
0.44 
0.08 
0.24 
0.06 
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b b 
Apr May Jun Jul Aug Sept Oct 
~ ML 
• • •YR 
..... •SB-RC 
8 TF-RC 
• ~ •Marsh (1979) 
• e • NRC (1996) 
Mean forage allowance per 100 kg of animal* day in smooth bromegrass-orchardgrass-
birdsfoot trefoil pastures (SB-OG-BFf, n = 6) pastures in the year-round (YR) and minimal 
land (ML) grazing systems and smooth bromegrass-red clover (SB-RC, n = 6) and tall 
fescue-red clover (TF-RC, n = 6) pastures in the year-round system during the summer 
grazing season over three years. 
Apr May Jun Jul Aug Sept Oct 
SEM (ML and YR) 0.74 0.75 2.82 3.23 1.26 2.56 1.80 
SEM (SB-RC and TF-RC) 1.05 2.23 
abDifferences between means of SB-OG-BFf pastures with different superscripts within the 
same month are significant, P < 0.05. 
xyDifferences between means of SB-RC and TF-RC pastures with different superscripts 
within the same month are significant, P < 0.05. 
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APPENDIX B. ADDITIONAL TABLES: 
STOCKER PRODUCTION 
175 
Mean yearly average daily gains and total body weight gains for calves in 
the fall-graze-finish (FGF) and spring-graze-finish (SGF) management 
systems. 
Finishin~ s~stema 
Item and Year FGF SGF SEMb Significance 
DrylotADG ----- kg/d-----
1 0.8 0.5 0.04 0.01 
2 0.7 0.5 0.00 <0.01 
3 0.6 0.3 0.04 0.14 
PastureADG 
1 0.7 0.6 0.04 0.42 
2 0.6 0.8 0.07 0.18 
3 0.4 0.6 0.00 <0.01 
Drylot total wt. gain ----- kg -----
1 40.0 50.0 2.91 0.14 
2 37,5 96.5 1.11 0.01 
3 56.0 64.0 3.53 0.25 
Pasture total wt. gain 
1 70.5 61.5 5.22 0.35 
2 59.0 77.5 6.05 0.16 
3 36.0 52.0 0.71 <0.01 
aFinishing system abbreviations: FGF = fall-graze-finish; SGF = spring-
graze-finish. 
bStandard error of the mean, n = 2. 
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Mean yearly age at finishing, initial weight at finishing, total body weight gain and average 
daily gains for calves in the FGF, SGF, and wean-finish (WF) systems while in the feedlot. 
Item and Year 
Average age at finishing 
1 
2 
3 
Initial wt. at finishing 
1 
2 
3 
Total wt. gain 
1 
2 
3 
ADG 
1 
2 
3 
Finishing systema 
FGF SGF WF 
----------- months ---------
12.0 15.6 5.7 
11.6 17.2 6.5 
-------------- kg -------------
299 .5c 365.0d 258.0e 
309.5c 412.0d 244.0e 
249.0c 364.0d 249.5c 
313.5c 
281.5c 
248.5 
230.0d 
212.5d 
250.5 
231.0d 
264.5c 
290.5 
------------- kg/d -------------
l.6cd l.9c l.3ct 
l.6c l.6c 1.3d 
l.9c l.9c l.9d 
0.35 
0.28 
3.79 
6.40 
7.94 
18.31 
6.34 
10.21 
0.12 
0.28 
0.04 
aFinishing system abbreviations: FGF =fall-graze-finish; SGF =spring-graze-finish; 
WF = wean-finish. 
bSEM, n = 2. 
cct'bifferences between means with different superscripts in the same row are significant, 
P<0.05. 
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Mean yearly carcass characteristics for finished calves in the FGF, SGF and WF systems. 
Finishin~ Sl;:Stem3 
Item and Year FGF SGF WF SEMb 
Selling wt., kg 
1 613f 59d 489g 18.6 
2 59i 626f 509g 12.7 
3 49i 615g 540fg 17.8 
Hot carcass wt., kg 
1 372f 352f 294g 10.6 
2 345fg 378g 309f 12.7 
3 290f 374g 326fg 11.7 
Dressing percentage 
1 60.6f 59.lg 60.i 0.001 
2 58.l 60.4 60.7 0.008 
3 58.lf 60.8g 60.3g 0.005 
Retail percentage 
1 71.4 71.0 70.3 1.17 
2 71.0 71.7 72.2 1.19 
3 64.8 64.9 63.0 0.42 
Marbling scorecd 
1 565.0 569.5 602.5 26.18 
2 573.4 576.0 563.4 35.30 
3 543.0 543.0 552.0 21.00 
KPH 
1 2.45 2.25 2.15 0.095 
2 1.85 2.15 2.05 0.206 
3 l.95f l.90f 2.30g 0.040 
Yield graded 
1 2.3 2.3 2.5 0.32 
2 2.5 2.0 2.0 0.29 
3 2.lf 2.3fg 2.7g 0.11 
Backfat, cm 
1 1.08 1.14 0.020 
2 1.00 1.21 0.96 0.109 
3 1.00 1.08 1.33 0.149 
REA, sq cm 
1 89.5 86.0 2.35 
2 79.lf 97.9g 82.5f 1.47 
3 74.6f 87.7g 78.1 fg 2.22 
Percent Che 
1 41.7 33.4 50.0 19.80 
2 41.7 41.7 41.7 15.96 
3 66.7 58.4 73.8 5.98 
•Finishing system abbreviations: FGF =fall-graze-finish; SGF =spring-graze-finish; WF =wean-
finish. 
bSEM, n = 2; backfat and rib eye area data were not available for WF calves in year l. 
c400 =slight; 500 =small; 600 =modest; 700 =moderate. 
dEstimated by USDA carcass evaluator. 
epercent of calves grading low Choice and above. 
fgDifferences between means with different superscripts in the same row are significant, P < 0.05. 
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Mean yearly and average chemical composition of bales harvested from smooth bromegrass-orchardgrass-
birdsfoot trefoil, smooth bromegrass-red clover, and tall fescue-red clover pastures following grazing 
manangement used for the minimal land and year-round grazing systems. 
Item 
NDF 
1 
2 
3 
Average 
ADF 
1 
2 
3 
Average 
IVDMD 
1 
2 
3 
Average 
CP 
1 
2 
3 
Average 
Management system 
Year-round Minimal land 
TF-RCa SB-RCa SB-OG-T? 
-------------- g kg" -------------
508 530 576 
556c 557c 523d 
537 564 631 
534 552 577 
271 379 321 
270c 276d 268c 
277 293 348 
273c 283c 312d 
568 553 526 
496 493 520 
552 542 455 
538c 529cd 50ld 
113 111 106 
163 150 202 
116c 112c 88d 
131 125 132 
ADIN ------------ g kg·' total N -----------
22.3 
5.2 
38.4 
14.9 
11.7 
1.3 
17.7 
6.9 
16.2 
10.3 
17.1 
10.7 
2.5 
29.8 
4.0 
10.1 
1 23 26 43 8.5 
2 29cd 35c 26d 1.8 
3 34cd 38c 49d 2.2 
Significance 
Pasture Year Pasture*Y ear 
0.18 0.18 0.20 
0.01 0.02 0.08 
0.08 0.04 0.06 
0.86 <0.01 0.29 
Averaae 28c 33cd 39d 2.9 0.03 0.08 0.16 
aKey to forage species: TF-RC =tall fescue-red clover; SB-RC= smooth bromegrass-red clover; SB-OG-TF = 
smooth bromegrass-orchardgrass-birdsfoot trefoil. 
bSEM, years n = 2; averages n = 6. . 
cdDifferences between means of forage species with different superscripts in the same row are significant, 
P<0.05. 
183 
Yearly perennial forage production for winter per hectare and per cow in the year-round and 
minimal land grazing systems. 
Mana~ement s~stem 
Year-round Minimal land 
Item and Year TF-RCa SB-RCa S~stem mean SB-OG-BIT SEMb 
Hay production, 
Mg DM (harvested ha)"1 
1 1.7c 2.lc 1.9x 3.2dy 0.14 
2 0.6c 1.4d 1.0 1.7d 0.13 
3 1.7c 1.9cct 1.8 2.9d 0.25 
MgDMcow-1 
1 1.7c 2.lc 1.9x 3.3dy 0.14 
2 0.3c 0.7d 0.5x 1.4ey 0.07 
3 1.8c 1.9cct 1.9 2.9c 0.26 
Perennial forage production, 
MgDMha-1 
1 2.8 2.6 2.7 
2 3.0 2.6 2.8 
3 2.0 1.8 1.9 
MgDMcow-1 
1 3.0 2.7 2.8 
2 3.0 2.7 2.9 
3 2.0 1.8 1.9 
Total forage production, 
MgDMha-1 
1 4.5 4.8 4.6x 3.2Y 0.22 
2 3.6c 4.0c 3.8x l.7dy 0.20 
3 3.7 3.7 3.7 2.9 0.25 
MgDMcow-1 
1 4.6 4.8 4.7x 3.3Y 0.22 
2 3.3c 3.4c 3.4x 1.4dy 0.14 
3 3.8 3.8 3.8 2.9 0.26 
aForage species abbreviations: TF-RC = tall fescue-red clover; SB-RC = smooth bromegrass-red 
clover; SB-OG-BFG = smooth bromegrass-orchardgrass-birdsfoot trefoil. 
bSEM, n=2. 
ccteDifferences between means of different forage species with different superscripts in the same 
row are significant, P < 0.05. 
xyDifferences between means of different management systems with different superscripts in the 
same row are significant, P < 0.05. 
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Mean yearly chemical composition of corn crop residues, stockpiled forages, and hay fed to 
cows at initiation of winter grazing. 
Fora~e s,eeciesa 
Item and Year CCR SB-RC TF-RC Hay SEMb 
OM ------------------------- g kg- ------------------------
1 723c 913d 907d 875e 10.2 
2 929c 900d 917cd 893d 0.5 
3 928c 909de 915d 901e 3.0 
Nutrient composition 
NDF 
1 776c 579d 609d 715c 20.4 
2 770c 657d 568e 710d 13.4 
3 791c 585d 587d 646e 7.4 
ADP 
1 473c 336d 345d 461c 12.9 
2 460c 399d 321e 39gd 4.4 
3 474c 305d 608d 649e 11.9 
IVOMD 
1 422c 517d 464cd 465c 15.9 
2 476c 480d 528e 526e 2.9 
3 412c 505d 442c 598e 6.0 
CP 
1 4gc 170d 151d 123e 5.9 
2 39c 147d 157d 154d 6.4 
3 31 c 155d 146d 128e 4.3 
ADIN --------------------- g kg-1 total N --------------------
1 271c 151d 144d 430e 3.5 
2 129c 137c 87cd 9gc 11.2 
3 216c 54d 3gd 105e 13.3 
aForage species abbreviations: CCR= corn crop residue; SB-RC= smooth bromegrass-red 
clover; TF-RC =tall fescue-red clover; Hay= hay bales (large round bales). 
bSEM, n = 2. 
cdenifferences between means of forage species with different superscripts in the same row 
are significant, P < 0.05. 
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Changes in available forage mass over the winter grazing season in grazed (G) and ungrazed (U) portions of 
com crop residue (CCR), and stockpiled smooth bromegrass-red clover (SB-RC) and tall fescue-red clover (TF-
RC) pastures over three years. 
Forage species 
Portion of pasture 
SEM" 
"n = 6. 
G 
7.2 
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u 
3.7 
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G U G u 
6.5 2.4 2.0 2.9 
950 
900 
850 
"7 
OJ) 
""" OJ) 800 i 
0 
750 
700 
650 
0 30 
189 
60 90 120 
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~TF-RC, graz 
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~Hay 
Changes in concentration of organic matter (OM) over the winter grazing season in grazed (G) and ungrazed 
(U) portions of com crop residue (CCR), and stockpiled smooth bromegrass-red clover (SB-RC) and tall fescue-
red clover (TF-RC) pastures as well as hay fed to cows over three years. 
Forage species CCR SB-RC TF-RC Hay 
Portion of pasture• G U G u G u 
SEM6 0.070 0.031 0.020 0.008 0.019 0.009 0.040 
•Both grazed and ungrazed portions of the pasture were compared to hay composition at the time of forage 
sampling. 
bSEM, n= 6. 
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Winter grazing days 
Changes in concentration of neutral detergent fiber (NDF) over the winter grazing season in grazed (G) and 
ungrazed (U) portions of corn crop residue (CCR), and stockpiled smooth bromegrass-red clover (SB-RC) and 
tall fescue-red clover (TF-RC) pastures as well as hay fed to cows over three years. 
Forage species CCR SB-RC TF-RC Hay 
Portion of pasture• G U G U G u 
SEM6 0.025 0.012 0.021 0.011 0.012 0.009 0.018 
•Both grazed and ungrazed portions of the pasture were compared to hay composition at the time of forage 
sampling.· 
bSEM, n= 6. 
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~Hay 
Changes in concentration of acid detergent fiber (ADF) over the winter grazing season in grazed (G) and 
ungrazed (U) portions of corn crop residue (CCR), and stockpiled smooth bromegrass-red clover (SB-RC) and 
tall fescue-red clover (TF-RC) pastures as well as hay fed to cows over three years. 
Forage species CCR SB-RC TF-RC Hay 
Portion of pasture• G U G U G u 
SEM6 0.019 0.008 0.020 0.005 0.009 0.015 0.005 
•Both grazed and ungrazed portions of the pasture were compared to hay composition at the time of forage 
sampling. 
bSEM, n= 6. 
192 
Changes of in vitro organic matter disappearance (IVOMD) over the winter grazing season in grazed (G) and 
ungrazed (U) portions of corn crop residue (CCR), and stockpiled smooth bromegrass-red clover (SB-RC) and 
tall fescue-red clover (TF-RC) pastures as well as hay fed to cows over three years. 
Forage species CCR SB-RC TF-RC Hay 
Portion of pasture• G U G U G U 
SEM6 0.040 0.012 0.065 0.011 0.024 0.010 O.oI5 
•Both grazed and ungrazed portions of the pasture were compared to hay composition at the time of forage 
sampling. 
bSEM, n=6. 
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~Hay 
Changes in concentration of crude protein (CP) over the winter grazing season in grazed (G) and ungrazed (U) 
portions of corn crop residue (CCR), and stockpiled smooth bromegrass-red clover (SB-RC) and tall fescue-red 
clover (TF-RC) pastures as well as hay fed to cows over three years. 
Forage species CCR SB-RC TF-RC Hay 
Portion of pasture a G U G u G u 
SEM6 0.32 0.27 0.11 0.54 0.87 0.51 0-.48 
aBoth grazed and ungrazed portions of the pasture were compared to hay composition at the time of forage 
sampling. 
bSEM, n= 6. 
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Changes in concentration of acid detergent insoluable nitrogen (ADIN) over the winter grazing season in grazed 
(G) and ungrazed (U) portions of corn crop residue (CCR), and stockpiled smooth bromegrass-red clover (SB-
RC) and tall fescue-red clover (TF-RC) pastures as well as hay fed to cows over three years. 
Forage species CCR SB-RC TF-RC Hay 
Portion of pasture a G U G U G u 
SEM6 0.032 0.012 0.032 0.006 0.015 0.006 0.018 
aBoth grazed and ungrazed portions of the pasture were compared to hay composition at the time of forage 
sampling. 
bSEM, n= 6. 
195 
Mean monthly available forage mass in smooth bromegrass-orchardgrass-
birdsfoot trefoil. pastures in the year-round and minimal land system. 
Management system 
Year Month Year-round Minimal land SEMa Significance 
MgDMha-1 
1 Apr 0.9 0.9 0.14 0.83 
May 1.9 2.5 0.31 0.30 
Jun 1.3 0.7 0.25 0.24 
Jul 1.5 1.1 0.15 0.22 
Aug 2.2 1.7 0.12 0.07 
Sept 2.7 2.4 0.15 0.37 
Oct 1.5 2.0 0.05 0.03 
2 Apr 1.1 1.1 0.07 0.61 
May 0.9 1.0 0.13 0.71 
Jun 0.8 1.0 0.08 0.30 
Jul 1.9 2.0 0.16 0.71 
Aug 3.0 2.3 0.11 0.17 
Sept 1.8 2.5 0.34 0.30 
Oct 1.5 2.2 0.40 0.31 
3 May 1.1 1.6 0.04 0.02 
Jun 1.5 1.4 0.13 0.64 
Jul 1.0 0.4 0.12 0.07 
Aug 1.9 1.7 0.15 0.46 
Sept 1.1 1.2 0.18 0.76 
Oct 0.6 1.0 0.08 0.07 
aSEM, n =2. 
196 
Mean monthly available forage mass in smooth bromegrass-red clover and tall 
fescue-red clover pastures in the year-round system over three years. 
Pasture speciesa 
Year Month SB-RC TF-RC SEMb Significance 
1 Jun 0.8 1.0 0.07 0.16 
Jul 1.5 0.9 0.13 0.09 
Aug 1.5 1.5 0.08 0.76 
2 May 1.2 0.9 0.11 0.36 
Jun 1.3 1.2 0.05 0.41 
Jul 1.7 2.3 0.17 0.12 
Aug 1.7 2.6 0.30 0.18 
3 Jun 0.6 0.5 0.09 0.52 
Jul 0.7 0.9 0.04 0.12 
Aug 0.9 1.2 0.13 0.28 
aForage species: SB-RC = smooth bromegrass-red clover; TF-RC = tall 
fescue-red clover. 
bSEM, n = 2. 
197 
Mean number of days paddocks were grazed per month for smooth bromegrass-
orchardgrass-birdsfoot trefoil pastures in the year-round and minimal land grazing systems 
over three years. 
Month 
Apr 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
aSEM, n = 6. 
Management system 
Year-round Minimal land 
------------- d paddock ------------
1.0 1.0 
1.1 1.1 
3.4 3.0 
4.8 3.3 
3.7 5.1 
2.7 3.5 
2.2 3.4 
0.00 
0.09 
0.65 
0.53 
0.48 
0.16 
0.18 
Significance 
NS 
0.81 
0.74 
0.12 
0.12 
0.03 
0.01 
t>i3ecause cows were moved between paddocks on the same day within a system, year 
effects could not be tested. 
198 
Mean monthly sward heights in smooth bromegrass-orchardgrass-birdsfoot trefoil 
pastures in the year-round and minimal land grazing systems over the three year 
experiment as determined with the use of a falling plate meter (4.8 kg/m2) at the time of 
cow movement between paddocks. 
Mana~ement s~stem 
Year Month Year-round Minimal land SEMa Significance 
---- sward ht., cm ---
1 Apr 6.3 6.6 0.93 0.81 
May 10.1 8.6 1.24 0.51 
Jun 9.2 8.1 1.19 0.61 
Jul 15.9 13.2 1.96 0.43 
Aug 14.1 12.6 0.33 0.09 
Sept 9.8 12.8 0.57 0.07 
Oct 5.4 8.8 0.13 <0.01 
2 Apr 7.9 11.8 1.02 0.11 
May 9.5 11.1 1.17 0.43 
Jun 10.4 10.5 1.08 0.93 
Jul 13.8 13.6 1.27 0.92 
Aug 13.8 14.6 0.37 0.29 
Sept 7.6 10.8 0.62 0.07 
Oct 5.0 7.3 0.74 0.15 
3 May 10.7 11.6 0.46 0.33 
Jun 8.3 7.3 0.08 0.01 
Jul 9.9 8.8 0.76 0.41 
Aug 10.6 11.5 0.95 0.55 
Sept 6.7 9.5 0.07 <0.01 
Oct 5.9 8.4 0.15 0.19 
aSEM, n= 2. 
199 
Mean monthly grazing efficiencies in smooth bromegrass-orchardgrass-birdsfoot trefoil 
pastures in the year-round and minimal land grazing systems over the three year 
exEeriment. 
Mana~ement system 
Year Month Year-round Minimal land SEMa Si~nificance 
-- % of sward removed --
1 Apr 3.9 17.5 3.20 0.10 
May 9.4 9.4 2.05 0.99 
Jun 38.1 27.3 10.41 0.54 
Jul 31.6 34.3 1.45 0.32 
Aug 48.1 31.8 2.70 0.05 
Sept 32.8 47.2 3.59 0.11 
Oct 26.0 18.3 6.63 0.50 
2 Apr 15.5 8.6 2.14 0.15 
May 2.6 17.1 2.45 0.05 
Jun 20.5 31.8 4.25 0.20 
Jul 38.0 45.6 2.62 0.18 
Aug 51.9 45.9 3.32 0.33 
Sept 29.3 40.6 1.89 0.05 
Oct 25.4 17.5 6.00 0.45 
3 May 9.4 13.6 3.36 0.47 
Jun 24.1 25.7 8.21 0.90 
Jul 44.0 15.5 7.65 0.12 
Aug 45.3 30.1 6.16 0.22 
Sept 35.2 25.9 4.21 0.26 
Oct 31.5 22.6 3.23 0.19 
aSEM, n = 2. 
200 
Mean monthly sward heights for smooth bromegrass-orchardgrass-birdsfoot 
trefoil pastures in the year-round and minimal land grazing systems for the 
three year experiment as measured with the use of a falling plate meter (4.8 
k~m2). 
Mana~ement s~stem 
Year Month Year-round Minimal land SEMa Si~nificance 
----sward ht., cm----
J Apr 7.6 7.1 0.45 0.49 
May 12.9 18.6 1.87 0.16 
Jun 11.9 7.7 0.49 0.03 
Jul 15.2 11.6 0.68 0.06 
Aug 16.4 13.8 0.99 0.21 
Sept 13.6 16.9 2.12 0.38 
Oct 8.3 9.9 0.15 0.02 
2 Apr 8.8 10.3 0.55 0.21 
May 10.8 12.0 0.61 0.32 
Jun 8.7 9.8 1.05 0.54 
Jul 15.4 16.2 0.48 0.39 
Aug 14.6 12.2 0.82 0.18 
Sept 7.6 10.4 0.28 0.02 
Oct 7.0 8.4 2.05 0.68 
3 May 6.9 9.8 1.25 0.24 
Jun 8.6 6.9 0.54 0.15 
Jul 11.7 11.1 1.00 0.71 
Aug 13.2 13.0 1.30 0.92 
Sept 9.0 12.1 0.92 0.14 
Oct 4.3 6.8 0.08 <0.01 
aSEM,n=2. 
201 
Mean average monthly sward heights during periods of summer 
grazing for smooth bromegrass-red clover and tall fescue-red clover 
pastures in the year-round grazing system for the three year experiment 
as measured with the use of a falling plate meter ( 4.8 kg/m2). 
Pasture speciesa 
Year Month SB-RC TF-RC SEMb Significance 
-- sward ht., cm --
Jun 9.9 9.8 0.59 0.87 
Jul 10.0 12.5 0.75 0.14 
Aug 10.3 13.1 0.40 0.04 
2 May 11.2 10.8 0.84 0.80 
Jun 10.6 11.8 0.96 0.47 
Jul 13.2 17.5 1.09 0.11 
Aug 14.7 15.9 1.48 0.65 
3 Jun 8.0 7.5 0.79 0.70 
Jul 9.0 10.0 1.00 0.55 
Aug 9.5 12.0 0.79 0.15 
aForage species: SB-RC = smooth bromegrass-red clover; TF-RC = 
tall fescue-red clover. 
bSEM, n = 2. 
202 
Mean monthly neutral detergent fiber (NDF) and acid detergent fiber (ADF) concentration in smooth 
bromegrass-orchardgrass-birdsfoot trefoil pastures in the year-round and minimal land system for the 
three year experiment. 
Mana~ement system 
Item and Year Month Year-round Minimal land SEMa Significance 
k -1 NDF -------- g g -------
1 Apr 464 514 9.9 0.07 
May 584 553 8.2 0.33 
Jun 554 538 5.9 0.58 
Jul 538 501 5.3 0.09 
Aug 563 551 7.5 0.66 
Sept 553 534 2.8 0.33 
Oct 627 604 10.9 0.35 
2 Apr 500 527 12.4 0.24 
May 595 601 8.3 0.60 
Jun 591 535 7.9 0.21 
Jul 570 573 13.7 0.95 
Aug 564 560 3.3 0.76 
Sept 613 600 7.9 0.30 
Oct 621 627 5.1 0.64 
3 May 529 579 6.4 0.25 
Jun 599 586 13.4 0.59 
Jul 551 563 13.7 0.70 
Aug 592 562 6.0 0.02 
Sept 591 575 6.2 0.25 
Oct 623 619 12.3 0.89 
ADF 
1 Apr 227 248 9.9 0.27 
May 356 309 17.9 0.01 
Jun 310 306 17.0 0.72 
Jul 298 282 8.5 0.17 
Aug 323 309 16.6 0.32 
Sept 314 299 10.4 0.07 
Oct 359 334 13.5 0.25 
2 Apr 276 292 11.6 0.47 
May 321 324 10.9 0.79 
Jun 309 286 21.5 0.18 
Jul 301 318 30.2 0.47 
Aug 298 312 8.9 0.10 
Sept 337 325 6.7 0.38 
Oct 344 341 8.5 0.67 
3 May 277 294 22.1 0.21 
Jun 325 352 14.5 0.30 
Jul 299 301 18.9 0.72 
Aug 313 298 3.0 0.22 
Sept 311 295 7.1 0.21 
Oct 343 328 21.0 0.49 
aSEM, n=2. 
203 
Mean monthly in vitro digestible dry matter (IVDDM) and crude protein (CP) concentration in smooth 
bromegrass-orchardgrass-birdsfoot trefoil pastures in the year-round and minimal land system for the three 
year exEeriment. 
Mana~ement s~stem 
Item and Year Month Year-round Minimal land SEMa Significance 
IVDDM k -1 -------- g g -------
1 Apr 488 513 11.3 0.27 
May 409 529 17.7 0.04 
Jun 528 527 21.5 0.98 
Jul 504 561 12.3 0.08 
Aug 488 513 11.4 0.27 
Sept 487 518 5.8 0.06 
Oct 387 431 25.4 0.35 
2 Apr 569 557 31.1 0.81 
May 498 472 14.5 0.33 
Jun 496 482 21.9 0.69 
Jul 487 529 25.4 0.37 
Aug 501 489 9.9 0.50 
Sept 413 436 23.3 0.56 
Oct 348 376 6.0 0.07 
3 May 575 539 5.7 0.05 
Jun 485 485 21.7 0.99 
Jul 494 513 23.0 0.62 
Aug 496 520 5.7 0.09 
Sept 457 502 10.3 0.90 
Oct 399 423 9.3 0.22 
CP 
1 Apr 164 158 5.7 0.51 
May 101 108 10.0 0.65 
Jun 104 113 3.2 0.21 
Jul 127 132 3.2 0.36 
Aug 127 128 6.3 0.92 
Sept 124 124 8.2 0.97 
Oct 95 94 5.6 0.82 
2 Apr 155 158 7.8 0.75 
May 112 110 4.0 0.76 
Jun 125 133 21.1 0.80 
Jul 192 176 12.9 0.49 
Aug 174 165 9.7 0.56 
Sept 143 141 7.2 0.86 
Oct 136 137 12.9 0.92 
3 May 146 140 1.4 0.10 
Jun 99 101 9.8 0.95 
Jul 129 133 5.5 0.62 
Aug 111 113 3.7 0.68 
Sept 122 126 6.8 0.78 
Oct 109 92 7.7 0.25 
aSEM, n=2. 
204 
Mean monthly chemical composition of smooth bromegrass-red clover and tall fescue-red clover pastures in the year-round 
system over three years. 
Pasture s2ecies• 
Item and year Month SB-RC TF-RC SEMb Significance 
k -1 NDF --------- g g ---------
Jun 516 505 4.2 0.22 
Jul 562 490 17.7 0.10 
Aug 569 576 19.7 0.83 
2 May 568 529 17.5 0.25 
Jun 566 497 22.6 0.16 
Jul 578 569 16.5 0.72 
Aug 586 556 3.9 0.03 
3 Jun 582 585 42.1 0.98 
Jul 593 621 54.4 0.76 
Aug 548 539 11.7 0.64 
ADF 
1 Jun 262 278 5.8 0.19 
Jul 292 262 1.5 0.01 
Aug 295 294 5.8 0.91 
2 May 274 251 9.0 0.20 
Jun 277 258 6.1 0.15 
Jul 298 301 11.3 0.89 
Aug 305 298 2.7 0.24 
3 Jun 292 286 15.4 0.81 
Jul 294 297 9.4 0.84 
Aug 308 282 8.2 0.15 
IVDDM 
1 Jun 589 578 7.2 0.42 
Jul 567 588 12.7 0.37 
Aug 518 535 10.3 0.37 
2 May 506 553 12.5 0.11 
Jun 481 529 12.0 0.10 
Jul 440 493 6.5 0.03 
Aug 473 530 14.2 0.13 
3 Jun 514 542 18.5 0.40 
Jul 573 574 2.1 0.77 
Aug 529 548 24.6 0.64 
CP 
1 Jun 128 113 4.5 0.14 
Jul 101 128 5.3 O.Q7 
Aug 102 112 5.3 0.32 
2 May 155 154 17.4 0.99 
Jun 146 157 13.0 0.62 
Jul 155 172 1.9 O.Q3 
Aug 147 161 8.7 0.36 
3 Jun 141 157 10.6 0.39 
Jul 138 151 1.4 0.02 
Au 119 136 4.1 0.10 
•Forage species: SB-RC =smooth bromegrass-red clover; TF-RC =tall fescue-red clover. 
bSEM, n=2. 
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Mean neutral detergent fiber (NDF) concentration in smooth bromegrass-orchardgrass-birdsfoot 
trefoil pastures (SB-OG-BFT, n = 6) pastures in the year-round (YR) and minimal land (ML) grazing 
systems and smooth bromegrass-red clover (SB-RC, n = 6) and tall fescue-red clover (TF-RC, n = 6) 
pastures in the Year-round system during the summer grazing season over three years. 
Apr May Jun Jul Aug Sept Oct 
SEM (ML and YR) 0. 76 1.02 1.03 1.22 0.63 0.47 0.88 
SEM (SB-RC and TF-RC) 1.56 1.98 0.86 
a6Differences between means of SB-OG-BFT pastures with different superscripts within the same 
month are significant, P < .05 
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Mean acid detergent fiber (ADF) concentration in smooth bromegrass-orchardgrass-birdsfoot trefoil 
pastures (SB-OG-BFT, n = 6) pastures in the year-round (YR) and minimal land (ML) grazing 
systems and smooth bromegrass-red clover (SB-RC, n = 6) and tall fescue-red clover (TF-RC, n = 6) 
pastures in the Year-round system during the summer grazing season over three years. 
Apr May Jun Jul Aug Sept Oct 
SEM (ML and YR) 0. 78 0.46 0.56 0.67 0.34 0.35 0.57 
SEM (SB-RC and TF-RC) 0.56 0.49 0.39 
36Differences between means of SB-OG-BFT pastures with different superscripts within the same 
month are significant, P < .05. 
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APPENDIX D. ADDITIONAL FIGURES: 
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